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BACTERIOPHAGE ACTION ON BACT. TYPHOSUM 
AND B. MEGATHERIUM AS DISPLAYED BY 
DARK GROUND CINEAnCROGRAPHY 


AnniAsos PwrEn 

From the aiithor’a private Inboratonj, Pretoria, South Africa 


(P1.ATE3 I-llI) 


Structure of the bacterial cell 

Accordiko to Knaysi (1938) a bacterinl cell has threo “ membrane.? 
The outermost is a stimo layer, not %'isiblo under dark ground 
illumination. Next there is the coll wall, a thin, tough and rigid 
sheath wliioh gives the cell its shape. Ordinarily this cell wall is not 
visible in dark ground because it is in close apposition to the third, 
very brilliant, " meinbrnnc ". It is, however, believed to become 
visible during plasmolysis, and recently it was photographed by 
Mudd and liis co-workers (1911) with an electron microscope after the 
bacteria had been broken up by a sonic oscillator. The third 
“ membrane ” is a layer of condensed cytoplasm, wliich lines the cell 
wall. Tills layer is very brilliant in dark ground, it is much thicker 
than the coll wall, it varies in thickness with the age and the activities 
of the cell, and its inner border surrounds the inner and mor5 liquid 
portion of the cytoplasm. It is this more liquid central cytoplasm 
which appears dark in dork ground. The dividing line between the 
brilliant condensed layer and the dark central region is not sharp. 
It can be made to shift its position rrith the amount of light used. 
It seems likely that this layer of condensed cytoplasm is the seat of 
the main metabolic activities of the cell. Slight changes in its 
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constitution, and outline can be witnessed in normal cells. ; Normal 
cell death is sometimes accompanied by similar but deeper changes. 
It -will be shown that bacteriophage activity pr im arily produces 
rapid, profound and irreversible changes in this layer. ' 


Previous observations on the mode of action of bacteriophage 

Bronfenbrenner (1928 o and h, 1933) reviewed the early literature and 
added extensive observations, partly from a film made in collaboration with 
others (1927), partly based on stained preparations and on xiltraviolet micro- 
scopy. He concluded that a bacteriophage excites metabolic activities and 
that lysis is a secondary phenomenon caused by osmotic changes in the cell. 
Bayne-Jones and Sandliolzer (1933), in cinematographic studies of phage action, 
saw swelling and explosive lysis in Bact. coli, whilst B. megatherium just dis- 
appeared slowly. They consider reduction in surface tension as a possible 
cause of lysis. IVollman (1925) had seen 'dysentery bacilli swell, but no 
explosions took place, and Bact. coli just became granular. d’H6relle (1921), 
who made obser\'ations by dark ground illumination, described very fine 
granules entering the bacterial cell, causing it to swell and finally burst, with 
the dispersal of the very fine granules which he believed to be his ultra-microbes. 
Merling-Eisenberg’s magnificent photo-micrographs (1938) show Bact. coli filled 
with granules and then exploding, releasing large numbers of small uniform 
bodies giving a blue diEfraction colour, which “ blue bodies ” he takes to be 
bacteriophage particles. 


Technique 

My own observations were made with the sunlight dark ground technique 
previously described (1930, 1931-32, 1938, 1940, 1941 a and b, 1942). Stmlight, 
being more powerful than any other source of light, brings out many otherwise 
hidden details. It also allows the making of motion pictures of the happenings, 
a method of study particularly suitable for tliis Subject. Buiming the film 
backwards is particularly instructive and is a unique method of research, 
because the disappearance of a bacterium due to the action of phage can be 
traced backwards through all its phases. Several thousand feet of 16 mm. 
cinema film were exposed. Selected parts were finally 'put together and form 
a continuous record of the various ways in which bacteriophage affects bacteria. 
Isolated pictures from the film are used to illustrate this paper. 

The filming method of investigating microbic life has additional advantages. 
It disciplines observation. One can only film clear-cut happenings. Distmbing 
factors must bo completely eliminated so as not to spoil the picture. Also the 
camem often records what the eye may miss, though it must be conceded that 
even with present-day film not everything that the eye can see can as yet bo 
photographed. 

I have used Kodak Super XX film throughout. The magnification on the 
film was usually x320. The Movikon camera ran at 12 pictmes per second, 
giving an exposure time of l/25th second. Zettno'w’s liquid green filter in 
appropriate dilutions was sometimes used to reduce glare. The lenses mostly 
used were a Zeiss oil-immersion x60 with iris diaphragm in combination w'ith 
a Zeiss compensating eyepiece X 10, and a Beck oil-immersion X 90 with funnel 
in combination with a Zeiss compensating eyepiece x7. Tlie dark ground 
condenser was Siedentopf’s cardioid. The camera was used -without its own 
lens. A “ beamsphtter ”, i.c. a device which enables one to view the microscopic 
field ivhilst it is being filmed, is of course essential. 
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Material ttscd 

Obson’ntiona ^voro modo on tlio Bhatnngftr Btmin of non*motilo tj^phoid 
bacilli Vi I and on n local strain of B. megatherium wliicb had lost its motility. 
Tiio rcs}wctivo bacteriophages enmo from sornigo and tvero repeatedly isolated 
from plaques. Both clcnre<l broth suspensions in n few hours at room 
temperature. 

A drop of filteretl lj*so<l broth culture, mixed on the usual mica glass 
microscope slido with a small loopful of o young culture ami then covered with 
n largo covorglass, providotl a suitably thin preparation in which it was possible 
to get only one or two bacilli in a field. The bacteriophage filtrates were 
sometimes* diluted to slow dorvn their action. Brownian movement often 
interfered with prolonged obscr\*ntion of a particular bacillus, but it also happenerl 
that a bacillus got anchoretl to tho slido or coveralip and was kept in focus 
quite easily. 

Normal bacilli in dark ground 

Normal bacilli in eunliglit dark ground appear as rod-shaped 
structures tvith a vetj" brilliant outline of varying thickness (fig. 1). 
The apparent tliickness can be made to vary with tho brightness of 
tho light used. The central area, however, is always dark and in 
normal bacilli I have never seen any particles in this more liquid 
portion of tho cytoplasm. The periphery of the bacillus shows a 
smooth sharp outline, representing the outer border of tho coll wall. 
The briUiant layer of condensed cytoplasm fining the cell wall is 
all that shows up in a normal bacillus in dark ground and gives tho 
bacillus its typical appearance. 

Action of bacteriophage : initial changes 

Whatever tho final outcome of bacteriophage action, the initial 
changes ' in tho bacilli are always tho same. A recently filtered 
suspension of bacteriophage in sunlight dark ground shows a very 
largo number of particles, many of which appear to bo of uniform 
size as indicated bj- their definite blue diffraction colour (fig. 2). 
These are tho particles described by Mcrling-Eisenberg ns “ blue 
bodies ”. That ordinary broth exliibits similar though less numerous 
particles is no argument against the assumption that these “ blue 
bodies ” in a filtered phage suspension are or contain phage bodies. 
In a mixture of bacteriophage and normal bacilli these bodies often 
impinge upon the bacilli, giving a definite impression of attack. It 
is not possible to see whether they penetrate or not : at any rate 
they are not repelled and they seem to disappear when they come 
close to the bacillus. Burnet recognised similar bodies and had them 
photographed by Barnard before and after agglutination (1933b) ; 
he assumed that they were adsorbed by tho bacteria (19336). In 
fig. 3 there are three “ blue bodies " approaching the bacillus. 

The first change in the bacilli ns a result of badteriophage activity 
was a loss of brilliancy of the layer of condensed cytoplasm. This 
proved useful as a guide. Tho fate of bacilli which had lost their 
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brilliancy usually proved -worth folio-wing up, as by no means all 
bacilli undergo changes at the same time or rate. Kg. 4 sho-ws 
tjTphoid baciUi exhibiting this dull appearance of the layer of con- 
densed cytoplasm. In the film this is seen to be foUo-wed by the 
changes sho-wn iu figs. 5-8. Similar initial changes resulting fi:om 
bacteriophage action on B. megatherium are sho-wn in figs. 16-22. 
These initial changes resemble some-what the appearance of some 
of the normal bacteria of fig. 1, -with the important difference that 
-when they occur as the result of bacteriophage action they are 
irreversible and progressive. The lajm of condensed cytoplasm no 
longer forms a smooth continuous lining of the cell -wall but begins 
to collect in smaller or larger lumps Ijdng along it. The poles of 
the cell are favourite places for larger aggregations of condensed 
cjdoplasm, -which often again exhibit great brilliancy. 

These alterations in the appearance of the layer of condensed 
cytoplasm are the initial changes -which all baciUi successfully attacked 
exliibit in some degree. They are the forermmers of further changes 
of various kinds, some of wliich come on quite quickly -while others 
take long to develop. 


Action of bacteriophage : later stages 

Once the layer of condensed cytoplasm has undergone these 
initial disintegrative changes, the destructive process can take one 
of several courses. A common course for both typhoid bacilli and 
B. megatherium is a further continuous but slow disintegration of 
the layer of condensed cytoplasm. For tjqphoid bacilli this is 
illustrated by figs. 9-15. Its total mass breaks up into a number 
of lumps and particles distributed irregularly over the bacillus. The 
cell keeps its shape o-wing to the presence of the cell wall, which now 
becomes apparent as a tlain line srurounding the bacillus, and lacking 
the brilliancy of the bits and pieces of the layer of condensed cyto- 
plasm. The remains of this layer seem to adhere to the wall, although 
in some cases and at some stages one may gain the impression that 
smaU particles of condensed cytoplasm are Ijdng in the more liquid 
central region. The whole picture may have given d’HereUe the 
impression that the bacillary body had become filled -with bacterio- 
phage particles. It probably corresponds to what Bronfenbrenner 
has called the “ beaded appearance ” of disintegrating baciUi. The 
film shows clearly that it is the disintegrating laj^er of condensed 
cjdoplasm wliich gives rise to pictures like figs. 14 and 15. 

In the case of B. megatherium, figs. 16-28 tell a similar story. 
Here too the layer of condensed cjdoplasm gradually becomes a 
collection of particles distributed in irregular fashion along the cell 
wall, which stands out again as a matt outUne of the bacillus and 
obviously consists of different material. It seems- lilcely that the free 
spaces on the wall between the particles of condensed cjdoplasm are 



Fm. I.— Normal tj^hoid bacilli. x2500. 

Fia. 2 .‘ — ^Slostly “ blue bodies ” m suspension of bacterioplmgo. X 1600. 

Flo. 3.— Typhoid bacillus with “ blue bodies *’ attached or becoming attached, x 2500. 
Flos. 4-15. — Gradual disintegration of layer of condensed cjdoplasm in two tj'phoid 
bacilli. Note emergence of tho continuous cell wall. x2500. 





















ACTION OF BACTERJOPHAOE ON BACILLI 


S 


responsible for d’Hdrello’s impression that tliero ivero liolcs in tlio 
wnil tliroiigh wliich bncteriophngo particles could escape. 

In many cases tlio fragments of the layer of condensed cytoplasm 
do not lio still inside the cell wall : tlio fdra shows iastanecs wlioro 
they arc in adolont motion, so much so that the whole bacillus vibratc.s. 
In the case of tlio two bacilli of figs. 34 aJid 35, after the transition 
from fig. 34 to fig. 35 had taken place, one of them vibrated so much 
that it shook itself loo.»o from the other. 

Onco a bacillus has reached tho more advanced stages of dis- 
integration of its layer of condensed cytoplasm, there is no turning 
back, and such a bacillus may be regarded a.s dead. It i.s not 
conceivable that it could perform its normal functions after such 
thoro\igh disintegration of its cj’toplasm. TJie cases therefore where 
bacteriophage action takes tho course of slow disintegration of the 
layer of condensed cytoplasm provide microscopic confirmation that 
death and lysis in those circumstances are separate processes. This 
was already Icnown from tho work of Andrewes and Blford (1032), 
who found that by adding sodium citrate, which inliibited multiplica- 
tion of their phage, to a mixture of Bad. colt and excess of phage, 
tho bacilli wore first killed and l 3 ’ 8 is followed many hours later. 

In tho ca,so of B. megatherium I liavo always seen tho sequence 
as depicted in figs. 10-28. After tho slow disintegration of tho laj'or 
' of condensed oj-toplasm, tho further disintegration of tho remains 
of tho bacillus alwaj’s followed tho course illustrated hj' figs. 29-33. 
Bor a long time pieces of'cell wall, showing up os thin matt lines to 
which brilliant particles of tho condensed cj'toplasm nro attached, 
remain visible. Small particles resembling “ blue bodies ” keep 
coming off and gradually* tho mass of debris is dispersed into tho 
surrounding fluid. 

The effect then of a bacteriophage on B. megatherium is rather 
simple and stereotj’ped. In tho case of Bact. typhosum tho events 
am often more spectacular. A typhoid bacillus which has reached 
the state shown in fig. 15 usually undergoes tho same slow dispersal 
as is customary with B. megatherium. But not all typhoid bacilli reach 
tills high degree of cytoplasmic disintegration by way of tho gradual 
process mentioned so far. Some begin by going sfightly “ matt ” in 
their layer of condensed cytoplasm, and then, after slight alterations 
in the configuration of this layer, it quite suddenly disintegrates. 
The bacillus in fig. 30 reached tho state shown in fig. 37 with a 
sudden jump, in a fraction of a second. This dramatic event I have 
filmed on several occasions. Complete dissolution of the whole bacillus 
may then follow tho ordinary slow course. However, when a state 
of high disintegration of the layer of condensed cytoplasm has been 
reached by a typhoid bacillus, whether gradually or suddenly, it 
does not always just fade away hire B. megatherium. It may gradually 
shrink, as shown in figs. 38-41, where a bacillus rolled itself up into 
•a ball from which small particles kept flying off. Tho opposite of this 
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— increased internal tension — ^is illustrated by one of tlie bacilli in 
fig. 42 . winch, after the usual disintegration of its layer of condensed 
endoplasm , suddenly blew out its thin wall into a terminal bubble 
(fig. 43 ), followed bj’’ further bubbles along tho wall. In sucli cases 
the .separate existence and toughness of tho coU wall become 
p-articularl^v ob\’ious, and the usual end result is gradual total dis- 
persal. Yet the production of bubbles from the cell wall does not 
always take place in this deliberate and localised fashion. Tho 
disorderly 7nass of bubbles uath fragments of condensed C3'toplasm 
attached, which is shown in fig. 45 , was the fairly well organised 
bacillus of fig. 44 onty a fraction of a second before. Tho bacillus 
simplj* blew itself up. In such a case the remains, consisting of 
thin-walled bubbles — e^ndently parts of the old cdU wall with the 
brilliant particles of condensed cj-toplasm attached — ma3’^ hang 
together for quite a time before they disappear completcl3^ All 
this time small particles like “ blue bodies ” escape from tho disorderly 
ma.'j.s into the .siuTOimding fluid. In other cases again, as in fig. 46 , 
after minor alterations in the appearance of the la3'er of condensed 
C3'toplasra just visible in the photograph, within a 25 th of a second 
tiic lower bacillus had blown itself to pieces, leaving nothing but 
barol3* vi.siblo thin-walled bubbles (fig. 47 ), Finall3’- a t3q)hoid bacillus 
raa}', after the usual initial changes shown in fig. 48 , suddenly disrupt 
into a mass of small bodies (fig. 49 ), man}’’ of which look like “ blue 
bodies ”, and with numbers of apparent ” blue bodies ” coming off 
for a long time, without showing 003' remnants of cell wall. 

Summary 

Tlie changes cau.^cd in Bad. fyphosum and B. mcgaihcriuvi by 
bacteriophage action were studied In’- means of sunlight dark ground 
niicro.scop\'. A 16 ram. cineraicrographic film made at the same 
time proved useful in the further study of the happenings, c-speciallj' 
for tracing back tho histor3' of affected bacilli. 

Bacteriophage suspensions showed numbers of small particles 
with a blue diffraction colour, hence called “ blue bodies ” ns suggested 
bx- Jlerling-Eiisenberg. These were seen to get into close contact 
wth tho bacilli and, during or after tho various processes of dis- 
integration which the bacilli underwent, numerous “ blue bodies ” 
%vere .'^een to come out of t he remains. 

Tho first effect of bacteriophage action was alwav’s a change in 
the in3'-er of condensed c3'toplasm -which forms the third “ membrane ” 
of the bacillus. This lavor first lost it.s brillianc3' and then broke up 
into particles and larger aggregates -vvhich remained attached to tho 
cell wall at irrc-gular inten'nis, exposing tho cell wall to view in tho 
intervening spaces. Tliis disintegration of tho vital la3’er of con- 
densed c3top!a.sm ma3’ be taken to mean the death of the cell. 
In B. mojnthfriinn tho process of disintegration of cx’toplasm wa.s 
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PiQ^. 10*33. — Grndual di'iintogrntion of lajcr of condensed cytoplasm m D. mega- 
therium, followed by gradual disintegration of whole bacillus. Note cell wall. 
Fig. 27 13 over-printed, x 1000. 





Plate HI 


Figs. 34 and 35. — Gradual disintegration of layer of condensed cytoplasm in two 
typhoid bacilli. Slightly over-esposod. x 2500. 

Figs. 36 and 37. — Sudden disintegration of layer of condensed cytoplasm in a typhoid 
bacillus. Note cell -wall, x 2500. 

Figs. 38-41. — Gradual disintegration of layer of condensed cytoplasm in a typhoid 
bacillua, followed by shrinking of the body. X 2500. 

Figs. 42 and 43. — Gradual disintegration of the layer of condensed cytoplasm in Bact. 
typhOBum, followed by expansion of the cell wall into a “ bubble ”. X 2500. 

Figs. 44 and 45. — Sudden transition of a typhoid baoillus with damaged layer of 
condensed cytoplasm into a mass of “ bubbles ”, consisting of cell wall with 
fragments of cytoplasm attached. X 2600. 

Figs. 46 and 47. — Sudden disappeariinoe of lower typhoid bacillus, leaving barely visible 
remnants of the cell wall. X 2500. 

Figs. 48 and 49. — Sudden change of a typhoid baoillus into a mass of fragments of 
condensed cytoplasm and “ blue bodies ”. X 2500. 
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always slow, in Bad. itjphostnn it sometimes Impponed quite suddenly. 
B. incf/aiherittvi after this disintegration always disappeared in tho 
same way — by slow dispersal of tho cell. Bad. ii/phosurut after 
reaching tho stage of internal disintegration, wliother gradually or 
suddenly, could also disappear by slow dispersal, but often exhibited 
more spectacular conduct. Sometimes it slirank into a small mass, 
sometimes blew bubbles from tho thin cell wall, Bomethnos exploded 
and became a mass of bubbles with particles of cytoplasm attached, 
or just a mass of bubbles or of email particles. Theso processes wero 
usually accompanied by tho release of numerous “ blue bodies 

It appears therefore that in tho ca.ses investigated tho baetcrio- 
phago acts by destroying the vital layer of condensed cytoplasm, thus 
killing tho cell. What follows depends on activities and forces within 
tho cell which vary in different kinds of bacteria and oven in different 
individuals of the same strain. 

Uart of tho apparatus uac<l in this invostigation acquired through a 
grant from tho Rcscarcli Grant Board of tho Union of South Africa. 
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TISSUE CHANGES IN EXPERLAHSNTAL lAHCE 
TREATED IITTH PENTOSE NUCLEOTIDES 

L. DonoTiiY Parsoks 

Vroni the Oancer Jtf^cnrcJt Jycjiartnteiit, tht London Hospital 

(Pistes H'-IX) 

Cellvlvb, changes of n systemic nature occurring in tlio tissires of 
experimental mice have nlrcntl^' been described (Parsons, 1935, 1930, 
193S, 1942, 1943). Mice bearing primal}' or grafted sarcomas slioiv 
progressive changes in tlio blood, lymphoid tissue, spleen and liver, 
ivliicli are initiated by and associated with the development and 
growth of the tumours. A loucocytosis of a myeloid typo and often 
of leukreinio proportions is a common feature. Reticulosis, plasma- 
cytosis and myeloid metaplasia in lymph nodes are also present. 
Slice bearing grafted generations of sarcomas induced by mothyl- 
eholanthrono (Parsons, 1942) show amyloid infiltration of the spleen, 
the inoidenco of this condition being as high ns 93 per cent, in the 
pure lino (CBA) mice in which the primary tumoims occurred. Similar 
amyloid changes also affect the liver in many of the tumour-boaring 
mice, both irradiatod and non-irradiated (figs. 7, 8 and 14). Amyloid 
infiltration of the .spleen and liver has not been noted in normal mice, 
in those subjeotod to general irradiation, or (before tumour develop- 
ment) in those undeigoing treatment with the Afal. compound or 
mothylcholanthrene. 

Since the blood and lymiplioid changes in these tumour-bearing 
mice suggested increased activity of the fi.xed reticulum colls of the 
hmraopoietio tissues consequent on the introduction and growth of 
the sarcomas, it was felt to bo of interest to test the effects of injections 
of a compound known to act on such primitive undifferentiated cells. 
For this purpose a commercial mixture of pentose nucleotides used 
clinically in cases of acute agranulocytosis was employed. It was 
found that changes corresponding with singular exactness to those 
noted in the tissues of tumour-bearing mice were induced. The 
results are sot out below. 

Groups of viiee ireakd toUh pentnucleotides 

1. Normal mice (17 stock mice). 

2. Generally irradiated mice (0 stock mice). 

3. JEce treated with silica (5 stock mice). 

4. Mice treated with carcinogenic agents (24 stock mice). 

6. Mice bearing grafted generations of sarcomas induced by methyl- 
oholanthrene (65 pure line (CBA) mice arid 3 stock mice). 
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Material and methods 

Pentnucleotide. The mixture of pentose nucleotides supplied commercially 
by Messrs Menley and James -was used; this is stated to contain the sodium 
salts of the four nucleotides of ribonucleic acid of yeast supplied in sterile 
aqueous solution of pH 7*2. The solution contains approximately 8 per cent, 
of the salts preserved "with 0’3 per cent, cresol. The terms nucleotide and 
pentnucleotide in this paper refer in all cases to this mixtine and not to the 
individual nucleotides. 

General irradiation and induction of tumours by carcinogenic agents. These 
have already been described (Parsons, 1942). X-radiated mice received a single 
dose of 600r. previous to treatment -with pentnucleotide. Mice treated vdth 
silica received a single massive dose by means of a trochar and cannula into 
the right flank before injection of the mixture and, together with mice of the 
other groups, were injected 5 times a week in the left flank with an average dose 
of 0"6 C.C., equivalent to 0'035 g. pentnucleotides. This treatment was continued 
for 3-6 months in groups 1-4. 

Staining methods. The TJtma-Pappenheim method was used for demonstrat- 
ing plasma cells and Robb-Smith’s modification of Foot’s method for reticulin. 
Spleens and livers showing amyloid infiltration were stained with Congo red 
and methyl-violet 5B (see Addendum by Professor Turnbull). Weigert’s 
method was used for fibrin. 

Data for normal mouse blood and splenic weights. The white blood cell count 
ranges from 7000 to 20,000 per c.mm. ; 21,000-40,000 constitutes a moderate 
leucocytosis and counts above this are considered to be of leukismic type. 
The average splenic weight of young normal mice has been found to be 0-16 g. 
(range 0*1 18-0 -217 g.). In old mice the splenic weight is considerably higher, 
ranging from 0T19 to 0-482 g. (average 0-322 g.). Fig. 6 shows the microscopic 
appearance of a normal mouse spleen. 


ExPEKIMENTAIi KESXJLTS 

Normal mice treated toith pentmicleotide 

Prolonged dosage over 4-6 months has not been found to induce 
tumour formation, but marked changes occur in the tissues similar 
to those noted in mice bearing primary or grafted sarcomas. A 
leucocytosis of a swinging type is present and may rise as high as 
62,000. Absolute values of both lymphocytes and polymorphs are 
increased, as shown in fig. -1. In each case the first injection of pent- 
nucleotide was given on the day following the normal count. 
Comparison of the blood counts of these mice with those of normal 
control mice injected with normal saline (counts 3 and 4 in fig. 4) 
shows that the total count in the latter is almost invariably contained 
within the normal range, while the polymorph level is consistently 
low. In mice injected with nucleotides the polymorph count is both 
higher and fluctuating, and it may cross the lymphocyte count in a 
similar maimer to the crossing observed in counts from tumour- 
beaiing mice. Count 3 in fig. 1 is very like counts 1 and 2 in fig. 4, 
taken from mice grafted with carcinoma 63. Occasional very large 
cells (probably hsemocytoblasts) and mitotic figures are met with in 
blood films and the percentage of immature white cells is increased. 
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Tho Ijinph nodes may bo normal or inoronscd in size. Xhoy shon- 
great activity of rotioulum colls, ospcoinlly at tlio poripliorj'. Tlie 
littoral cells run down in broad strands into tho medulla and a brightly 
staining groundwork of such cells is noticeable through tho gland. 
These colls oro associated 101111 an increase of plasmacytoid colls, 
which often show mitoses and twin nuclei (fig. 18). Slj'cloid colls are 
frequent (figs. 10 and 17) and nuclear pyknosis of lymphocytes in 
tho germinal centres sometimes occurs. Giant colls are found in 
some cases (fig. 16). Detached littoral colls in tho sinuses frequently 
appear to bo full of red blood cells and largo colls full of highly 



Fio 1. — ^Ropro<jontfttivo blood counts from normal nuco mjocted with pontnuclootidos. 


refraotile droplets may also occur. The prussian blue reaction was 
not investigated. 

Amyloid infiltration of tho spleen similar to that noted in mice 
bearing grafted generations of mothyloholanthrono sarcomas has 
been found in a considerable number of the mice treated with 
nucleotides. Tho infiltration appears to start as hmmorrhagio areas 
round the Malpigliian bodies, which become atropliied. Homogeneous 
patches staining brightly with oosin develop among the red blood 
cells, these areas finally coalescing in circles about the remaining 
lymphoid tissue and giving the characteristic reactions for amyloid 
.(figs 7 and 9), Weigert’s method for fibrin gave negative results. 

Amyloid infiltration of tho liver was also noted in mice injected 
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with pentnucleotides, resembling that occurring in the liver of mice 
grafted with methylcholanthrene sarcomas (figs. 14 and 15). Round- 
cell infiltration about the portal tracts may be massive and activity 
of KupfFer cells is apparent. 

In this group the size of the spleen, especially in old mice, tended 
to be diminished, the splenic weight ranging from 0*102 to 0*254 g. 


X-radiated mice and mice treated with silica 

In neither of these groups was there any indication of tumour 
formation after several months’ treatment with nucleotides. Blood 



Fig. 2. — ^Representative blood counts from normal mice injected with the 5Ial. 
compound and pentnucleotides and before tiunour development. 


counts were not made. Changes in the lymph nodes and amyloid 
infiltration of the spleen were similar to those found in both normal 
treated and tumour-bearing naice (figs. 8-11, 17 and 18). The 
size of the spleen was not diminished, the average weight for X- 
radiated mice being 0*297 g. (range 0*275-0*363 g.) and for normal 









Plate IV 

' Flo. 6. — Seotiou of spleen of normal mouse. H. and E. x 96. 

Fio. 7. — ^Maoroscopio appearance of spleen from (a) mouse bearing grafted generation 
of methylcholanthrene sarcoma 1, (6) mouse injected with pentnucleotides showing 
similar areas of amyloid infiltration. X 4. 

Fig. 8. — Spleen of mouse bearing 26th grafted generation of methylcholanthrene 
sarcoma 2, showing areas of amyloid infiltration among the lymphoid tissue. 
H. and E. x 96. 
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siUca-troated mico O'SHS g. (range 0-29l-0'J22). In normal inico 
subjected to general irradiation the size and weight of tlio spleen 
have uaiinlly been much diminished. If however an X-radiated 
mouse is grafted either subcutaneously or iutraperitoneally with a 
sarcomn, the size and weight of the spleen have usually been increased. 
In this respect the action of pentnucleotide is similar to the etTcct of 
a grafted tumour. No c.vplanation can he oflered for this reaction. 
Am 3 'loid infiltration of the liver was not observed. 



Fig 3 — Blood counts fporo (a) raico boanng primary Slal sarcomas and (6> grnftod 
generations of eorcomn 37, show mg riso m total cotmt and polymorph count at tho 
time of tumour dovolopraent and tlio chanictcn^tio crossing of tho lymphocyte 
count by tho poljTnorph 

Mice, treated with carcinogenic agents 
Injection of nucleotides did not appear to accelerate tumour 
formation in mice treated with the Mai. compound, no sarcomas 
having developed in the space of 4-8 months In irradiated and 
non-irradiated mice injected with the Mai. compound alone it has 
been found that blood counts are maintained almost inv’arinbly within 
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the normal range, and that the polymorph-lymphocyte ratio is 
unchanged up to the time of tumour formation. When a sarcoma 
develops, the total count is rapidly increased and the polymorph- 
Ijmphocyte ratio is reversed (figs. 3 and 5). Comparison of figs. 2 
and 5 shows that mice injected with both pentnucleotide and the 
Mai. compound develop blood counts of a different type, the total 
count showing a moderate leucocytosis, "with increase in the absolute 



pio. 4 ^. — ^Blood counts from (a) mice bearing grafted generations of carcinoma 63 and 
(b) normal control mice injected with saline. 


values of the polymorphs. Crossing of the lymphocyte by the poly- 
morph count is common, and immature white cells and haemocytoblasts 
are found in films. 

Lymphoid and splenic changes are similar to those noted in 
preceding groups (fig. 12). Splenic weights fall within the normal 
range (0-135-0-283 g., average 0-2 g.). 

hlice treated with methylchplanthrene and nucleotides developed 
primary tumours during treatment and only one mouse killed before 
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Flo. 0.— Sploon of iionjuil nio»«c injertcd with pvntimrli olidcs, pho%Mng nrcn*? of 
am^ioui infiUratiori fiinui/tr to ihoH' in fip. 8, B iintJE. XP5. 
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tumour formation and slion'ing the nclion of pentnucleotide is 
included in this group. A blood count made when this animal wu-s 
killed shou'cd a loucocjiosis of 62,000, with an absolute increase in 
polymorphs. Tho lymph node.a showed clmnge.s similar to those in 
the proviou-s groups and early amyloid infiltration of tho spleen had 
occurred (fig. l.t). 

In 207 stock and pure line (GBA) mice prenoualy treated with 
the Mol. compound or methylcholanthreno only and killed during 
treatment or at tho time of primary tumour formation, no amyloid 
infiltration of tho tiasues was found. 



Fia. 5. — ^Blood counts from irrodiolod and nondrradiated mieo injoctod witli tho 
Iklal. compound and before tumour development* 


Mice bearing grafted generations of methylcholanthrcne sarcomas 

Tissue changes in these grafted mice have already been described 
(Parsons, 1942, 1943). Numerous tumour-boaring mice were injected 
with pentnucleotide from tho time of grafting, the majority (05 out 
of 68) being pure line (CBA) mice bearing methylcholanthreno 
sarcoma 1. It was observed that this treatment frequently increased 
the size and weight of the tumours as compared with the grafted 
controls. Old CBA mice appear peculiarly resistant to tho growth 
of the sarcoma, but in 10 old CBA mice grafted ivith the tumour 
and treated with pentnucleotide 8 largo sarcomas developed. Ten 
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old control mice gave negative results. Kve of the latter were 
reorafted and injected with' the compound : two developed sarcomas 
later It was noted that there was a time lag in the formation of the 
-tumours in the old mice as compared with young grafted CBA mice 
Splenic enlargement and amyloid infiltration appear most marhed 
in mice hearing large and rapidly growing tumours. 
contradictory results were obtained in the grafted mace treated with 
pentnucleotide. In a group of 26 of these, although the sarcomas 
were of large size and rapid growth, the spleens^ were of normal size 
and 16 showed no indication of amyloid infiltration. The 95 ^afed 
mice serving as controls showed large spleens, amyloid infiltration 
heine marked in 81. The incidence of this change therefore appeared 
to have faUen from 85-3 per cent, in the untreated to 38*5 per cent, 
in the treated. Splenic weights were not taken. It sho^d he noted 
that amyloid infiltration does not seem to occur where marked 
myeloid metaplasia df spleen and Ijnnph nodes is present. 

^ Since the tissue changes in normal mice treated with pentnucl^t 
are so similar to those produced by sarcoma growth it was difficult 
to judge to what degree the systemic changes m this ^oup w^e 
due to the injection of nucleotides or to the growth of the grafted 

^^^rS high leucocytosis usually present in the blood of the grafted 
mice did not seem to he affected by treatment with nucleotides. 


Discussion 

From the above observations it will be seen 

• t the tissue changes noted in mice treated with nucleotides to 
to ind^Sd hTtStoductiou and growth of a retWo-a.xcom^ 

'iTeSSTSue n oco;^onco of ^aat cells in the 
itmtTih nodes • amyloid infiltration of the liver and spleen. 
^^Amvloid infiltration appears to occur very early m non-tumour- 

S“Le lr marhed arayloid Chang to 

ahly. period noted ban g a„yl„M 

mcludedingroupsl-l, 1I or 33 i per « incidence closely 

mffltation at the nations timM of “IhnB. “ ^ 

rif ri^g 

change was noted m 41 ,^ tfenes was observed in aU 

Se Iwtag maAed amyloid infUtration of liver and spleen. 
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In 11 — bpleoii of mou'^f tront<(l with Mltro nnil U)j«to«l wjth jx'nttMjplootjclt*’, 
sliouing atnjloKl cojKlition fsHiHlnr to litf'' RIO H mid X0*i 



Kic 12 — Spleen of mouse under treatment \vitli U«* Mnl roinpomnl iiml injected nitJ* 
pentnucleotides, shoumg areas of nmyloul ndiltration similar to figs 8 H 
H and E X Uo 
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Tin 1 1 — Splocn of rnnUM trout<'<l with in<'th\Mmtnntlirpno nntl jm nfiiiKlontule^, 
nhowtnK carlj nm^lol•! mfihnition I! mull y 10' 



trc 14 — Li\ir of mou«o hojinnj. lOth Rcnerntion of mcthjlcholnnthreno 

sarcomo 2, sliowmg c\tcnsi\(* om^Ioul mnitratJOn with ntrO])h3 of liver cells 
H and E X lOo 
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Since tlio groirtli of a sarcoma also induces these sj'Stomio effeots 
it 1ms been suggested (Parsons, 1938) that a substance or substances 
elaborated in tumour cells and liberated into the blood stream may 
bo tlie causntieo agent. Should there bo a markedly increased content 
of nucleic acid in the rapidly dividing tumour cells it seems posgiblo 
that an excess of nucleotides might occur, which, when set free in 
the blood, could profound!}' affect the hsemopoiotio tissues and cause 
changes in the liver and spleen similar to those mentioned. 

The importuncoyef nuolcotide.s in relation to embryonic devolop- 
ment, repair of damaged tksue and coll division has been recogm’sed 
in recent years. Gulland (1944) in his Tildcn Lecture enumerates the 
advances made in our Icnowlcdgo of the essential part played by these 
compounds in biological processes. Among other noteworthy facts 
recortied the following arc suggestive : (a) there are indications that 
the increased rate of cell division in tumours is related to changes 
in nucleic acid sjuithosis ; (6) pcnto.so nucleotides are produced in 
response to cell injury; (c) nuoleio acid plays an essential part in 
embrj-onio development ; (d) increased nitra-violot absorption by 
coll cytoplasm after X- and Y-radiation is duo to an accumulation of 
pentose nuolcotides ; (e) viruses have been consistently found to 
be nuoleoproteina with a definite relationship to the chromosomes, 
and tlie active tumour-producing fraction isolated from extracts of 
the Ecus chicken sarcoma is a pontosc-eontaining nucleoprotein 
associated with a phospho-lipoid component. 

It seems possible that such facts may ultimately explain certain 
of the observations already described. The neoeleration of tumour 
production, both in time and number, in X-radiated mice treated 
with a careinogonio compound (Mnyncord and Parsons, 1937) may 
be due to a pro-cancerous condition induced in the irradiated animals 
by the increa.se of pentose nuolcotides in the cytoplasm. Careinogonio 
compounds alone may have a similar action and, by causing cell 
damage, may evoke a response in the form of inoreased'produotion of 
pentose nucleotides, thereby crcoting an environment suitable for 
tumour formation. After a more or less prolonged latent period 
mah'gnant change takes place in the aBected tissues. The ohemioal 
compounds may not bo the actual precipitating agents in the sudden 
change to neoplastic groirth, since cell-free filtrates of extracts of 
mouse sarcoma can induce tumour growth within 17 days when 
injected into normal mice (Parsons, 1930, 1938, 1939). The active 
agent in these latter experiments must be of a miotosoopio nature 
and may possibly have the charaoteristios of a nuoleoproteia — ^in 
short a virus. In these eases there is no appreciable latent period, 
for sarcomas can be observed on the Sth day after injection of the 
filtrate and are of a size comparable to a grafted sarcoma by the 
15th day. 

Further, if systemic changes consequent on the growth of a 
sarcoma in the body he due to an excess of nucleotide in the tumour 
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cells, the varying phases noted in the behaviour of sarcomas may 
depend on the amount of nucleotide liberated at different times. It 
has been observed (Parsons, 19SS) that the lymph nod^a of a sareoma- 
bearing mouse have the faculty in a certain phase of the tumour of 
reproducing the sarcoma when grafted into a normal mouse. This 
faculty appears to be associated with marked malignancy of the 
growth, ■which in another phase is absent, when all attempts to 
reproduce the sarcoma from grafted glands fail. The grade of 
malignancy of a neoplasm may be proportional to the nucleotide 
changes in the tumour cells. 

As the commercial mixture of pentnucleotides gave apparently 
contradictory results (see group 5 above), it was felt that the individuai 
nucleotides should he examined. To tliis end experiments ate in 
progress in collaboration ■witli Professor J. M. GS-nhand and 
Dr G. R. Barker. 


SnaoiARY 

The action of a commercial mixture of the four pentose nucleotides 
of 3'east nucleic acid on the tissues of experimental mice is described, 
with special reference to the similarity of the systemic changes induced 
to those accompanying the growth of sarcomas in these animals. 
These changes include amyloid infiltration of the lives and spleen. 
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Addendum 

The XATtiHE or me sdbstaxce veeosTrxxo ns the sfueeh aup Tivea 
OF THE OTCE IW Ds L. D. pAftSOXS’ EXVEUIMENTS 

HtTBEBT M. Tuhxbcx.1:. 

From the Bernhard Baron Institute of the London Hospital 

In order to determine whether the hyaline 'substance deposited, after her 
experiments, in the spleen and less often the liver of mice was amyloid, 
Pr Parsons gave me several spleens ami a few livers ftrom CBA and stock 
mice with grafted tumours, and later two spleens from mice injected with a 
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mononucleotido isolated bj Professor J M Giilland On tljo nbovo matcrml 
trials wore made with difibront staining methods with the ^ nlimblo collaboration 
of my heod tcclmicinn, Mr John King Dr Parsons’ tcclmicinn, Miss Downs 
had pro\nQU3ly stamwl bj the Congo red methotl of Leltcror (1920) other Rplecns 
from mice injected with “ pontnuclootido ”, and had sliown nil to Mr King 
and some to mo The staining wna definite but less deep mid less rwl than in 
human matennl From its disposition nnd Congo red staining it was olnious 
that tho deposit in tho mico injected with ** pontnnclcotido ” was tho same 
ns that m tho rontenal oxaraincd bj tis from tho rest of tho ovpenmcnts 

All tho material had boon fixed m 4 per cent salmo fominldehydo and 
embedded m paraflm, nnd ns n control wo usctl a pnrnflln block of human li\cr 
similarly fixed from o caso of ** tiinca! ” Inrdncoous disease Stained sections 
were examined m daylight 

Tho deposit m tho spleen nnd less often m tlio liver of tho mice has a 
disposition m both organa similar to that described bj others m mouse amsloid 
It ga\o dofimtelj tho motachrornatio reactions of human nmjloid with methyl 
Molct by Eden’s picthod (Schmorl, 1028, p 211, Romeis, 1932, p ■438)andwTth 
gentian \ioIot by Schmorl’s ” undinbrentinlcd ” nnd “ difrorontiatcd ” methods 
(p 210) Comparo<l with tho control tho staining of tho deposit wos less intenso 
than in liumnn nmjloid , tlio stains faded much more mpidlj m balsam, and m 
Sclimorl’a “ difTcrcntiatod ” method tho ncetic acid dificrentintion usually had 
to bo more rapid Tho older, inner part of tho largo ring hko deposits round 
Malpighian bodies m tho spleen withstooil difforontintion less well than tho 
jounger outer part of tho rings and joimgcr scattered doposita in tho pulp 
ThoCongorcdmGthodofrroudenthal(1930 31, p 77)ga\on8tnmusunlIi slightlj 
less rod than m tho human control, but m ono inslnnco ns rod lodmo reactions 
failed completely in both mouse and human tissue, nil of winch had been fixed 
m formaldchjdo and embedded m paraffin This is not surprising, because all 
authors I hnvo consulted place alcohol first m nnj list of fixatives for lodino 
reactions Schmorl says that it is best nnd JnfiiS (1926) goes so far ns to say 
that fixation in 83 per cent alcohol is necessary for all reactions m tho mouse 
Further, Schmorl states m largo pruit that paraffin sections aro not much good ” 
for tho lodino reactions Fortunately, Dr Parsons was nblo to provide us near 
tho close of our investigation with half a small fresh spleen from a sarcomatous 
mouse Tins was fixed m absolute alcohol end cut upon tho freezing microtome 
Only five sections were obtained and a small romnont retained Two sections 
were treated witli dilute Lugol s solution nnd tho deposit, m rings nnd semi 
circles, was stained a typical very deep maliognny brown when oxnmmcd with 
a hand lens nnd a paler brown when seen imdcr tho microscope TIio remnmuig 
three sections were treated with very dilute Lugol’s solution for 30, 3 and 2 
mmutes respectively, nnd when mounted m distilled water sulphuric acid was 
drawn under tho eovcrslip (loclmo sulphuric reaction) Tho deposit gave 
respectively under the microscope a vnolot, a pink followed bj violet and a 
grey colour Finally tlio small remnant wna treated with Lugol s solution 
diluted until it was almost colourless Tlio sulphuric acid changed tho white 
Malpighian bodies to a palo blue tinged with green, but rings nnd horseshoes 
could not be detected Possibly in this thick piece of spleen tlie palo greenish 
blue of tho deposit surrounding tho Malpighian bodies wna reflected tlirough 
tlieir centres No crystal Itl e structures wore seen m one spleen and two livers 
stained with Heidenhain’s Azan (Komeis, 1032, p 411) 

There can be no doubt, therefore, that tho deposit in spleen and liver is 
mouse amyloid It has the charactenatio distribution and gave methyl violet 
and gentian violet reactions and tho Congo red reaction It also gave m tho 
only suitably fixed nnd imimbedded piece of spleen a typical lodme reaction, 
but in tho very few sections available for trial with the lodme sulphuric reaction 
gave colours which difiered from Schmorl s pure blue • 
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PHAGOCYTOSIS OF VACCINIA VIRUS M VJTJiO *- 

K B E Jlnniwo, Sir Halloj Stewart Eesciroh Fellow 

From ihc Stand Sutton Institute of Pathology, 

Middlesex Hospital, London, B 1 

(Pl*ATFS X AI.D XI) 

In IflOG Pasolien described elementary bodies wlueb ho was able to 
stam in the fluid from vaoemia vesielcs in great numbers before the 
liquid beoarao purulent In a letter to B Hejonann in 1913 giving 
directions for staining, bo mentioned that bo bad seen the \ncciimv 
elemcntarj’ bodies inside pus cells and concluded that phagocj'tosis 
of the virus had taken place 

lUide it IS relatively casj to diffcrcntiato bj staining vurus bodies 
and inclusions m opitliclial cells, it is more difflcult to recognise them 
in leucoojtcs The work of W Kollo (1809) showed that vurus 
probably enters the blood stream and m 1909 von Prowazch and 
Yamamoto described phngooj’tosis in stained speoimons of vaccinia 
Von Wasiolowsla (1905) had already indicated sometlung of this sort, 
though Ins tcclmiquo of using diluted acetic acid on unstained and 
unfixed specimens was open to criticism In recent jears vnooinia 
virus was found closely associated with leucocytes by Long and 
Ohtsky (1929 30, 1930), Simtli (1929), Dougins and Smith (1930), 
Gdderaeister and Hilgers (1930) and Sabin (1935), but, probably 
owong to the difficulty of differential staining, no descriptions of the 
virus within tho leucocytes were given 

The method of prolonged observation which has been developed by 
tho author and apphed to viruses and bnctcriopbages gives n means 
of obsemng phagocytosis tn vitro Tho teclmique of prolonged 
observation has already been described, together wath details of a 
number of special instruments necessary for continuous visual 
observation and photographic recording under the highest magmfioa 
tiona and malong use of the highest possible resolution m dark 
ground illumination (Mcrhng, 1935, 1938, 1940 a and b, 1941) For 
detailed descnption of methods and tho use of the optical equipment 
reference must bo made to these publications 

Technique 

Tho technique employed in raakmg tho following observations was m tho 
mam identical with that described previously {Merlmg, 1940 a and 6) Tho 
eyes of the rabbit were moculatod m the usual manner by scarification with the 

* Being part of a thesis approved by tho University of London for tho dogroo of 
Doctor of Philosophy 
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same strain of vaccinia virus kindly made available by Professor McIntosh. 
After the vacoinial keratitis was well developed, which took about 3-6 days, 
thin tangential sections could easily be cut with a sharp loiife, while of deeper 
laj^ers scrapings could be detached with the blade of the loiife. Control 
preparations from uninoculated corneaj were of necessity of this type. The 
material obtained was placed in a drop of tyrode solution on a thin slide, 
covered with a coverslip and gentle pressure applied to expel excess of fluid. 
The coverslip was then sealed with paraffin wax in the usual way to prevent 
evaporation. Observations were carried out either at room temperature or on 
the warm stage of the microscope at 37° C. To obtain a clear view and avoid 
overcrowding of the field special care was taken to have only one or two small 
fragments of comeal tissue on any one slide. In this way up to twenty specimens 
could be prepared from one cornea. To prevent contamination during manipula- 
tion the best means, apart from the usual maintenance of sterile conditions, was 
found in speed of work. 

Specimens were stained with Herzberg’s Victoria 4 B blue and examined 
by means of a reflecting condenser for both transmitted light and dark ground 
illumination. The condenser provided easy verification and identification of 
the various cell constituents and inclusions. In this way the living cells were 
compared with dead cells dried in the air and embedded in oil of relatively 
low refractive index (oil of lavender, nD = 1'462, and glycerin, nD = 1'456), 
with dead cells dried in the air and fixed and embedded in one or other of the 
media mentioned, and with stained specimens. 


REStTLTS 

As the keratitis develops, the number of leucocytes increases and 
on the sixth day the cornea is usually hazy. To gain an impression 
of the effect* of the virus on leucocytes it was necessary to study the 
appearance and behaviour of leucocytes from a normal rabbit or one 
that showed slight conjunctivitis but had not been inoculated with 
vaccinia virus. Though it seemed at first very difficult to form a 
mental image of a “ normal ” leucocyte, this was later found to be 
easier by comparing it with the typical changes brought about by the 
virus. Therefore a detailed description of a normal leucocjrte may 
be omitted, except to mention that all the usual constituents of 
leucocj'tes — nucleus in various lobes, granules of various sizes in 
movement, pseudopodia, filopodia, etc. — can easily be recognised wnth 
dark ground illumination. In the type of specimen described, 
“ normal ” leucocytes appear to be able to live up to five days, during 
which they exhibit various changes prior to death. Granules are 
normally in fast movement, which usually stops quite suddenly when 
the ceU dies. Another indication of cell death is the droplet dis- 
integration which appears to be a frequent but not invariable 
accompaniment. 

Tigs. 1 and 2 show the beginning and development of this process. 
After some experience had been gained of the appearance of “ normal ” 
leucocytes, it soon became obvious that in specimens from vaccinial 
keratitis there were great numbers of leucocytes showing intracellular 
virus. The question whether this appearance was due to phagocytosis 
of a passive virus or active invasion of the leucocytes by the virus 




Plate X 

Pigs. 1 and 2. — Two normal leucocytes shoiving different forms of droplet disintegration. 

Photograplrs taken within 10 minutes of removal from rahhit. x 1000. 

Figs. 3-7. — Pliagoojdosis of vaccinia virus, x 1000. 

Fig, 3. — Centre, n leucocyte containing masses of intracellular virus : left upper 
quadrant, tissue cell with large empty extrusion ; helow centre, tissue cell with 
extrusion filled with moving virus (Brownian movement). 

Fig. 4. — ^Four leucocytes : top right, normal, dead ; second disintegrating ; third 
normal, alive ; fourth showing an extrusion filled -with virus. 

Fig. 5. — ^Leucocyte showing extrusion filled with \’irus. 

Fig. 6. — Sheet of leucocytes, of which those to left of the iult line appear bright 
and contain intracellular virus; those to right of the lino appear dull and 
contain no vims. 

Fig. 7. — Five leucocytes. Note the difference in brightness between the central 
(virus-containing) cell and the surroimding cells which contain no virus. One 
cell is disintegrating. 
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could fortunately bo decided by observation of the actual process. 
There seems to be no doubt that phagocytosis of the virus took place 
in the majority of cells observed. But the virus did not become 
completely immobile when inside the leucocyte and obviously sur- 
vived. Perhaps contrary to expectation, the virus formed colonies 
inside the leucocytes. 

Figs. 3-7 show leuooo 3 dcs with virus intracellular at the time the 
specimen was prepared. In fig. 3 there are shown several leucoojdes 
and two tissue cells. One tissue cell has formed an empty extrusion, 
the other an extrusion filled with virus. Of the leucocytes pictured 
the one nearest the centre shows a white mass which represents rapidly 
moving virus. Fig. 4 shows four leucocytes, three of them uninfected. 
The one nearest the lower edge has formed a small lateral extrusion 
which is filled with rapidly moving virus. A similar picture is presented 
in fig. 15, which shows a leucocyte with a virus-filled extrusion at 
.the top. 

The differentiation of virus bodies from non-specific granules 
within the leucocytes is not very difficult. The virus bodies show 
the same characteristics witliin leucocytes as without, or in epithelial 
cell, or quite generally wherever they are found ; sizes, shapes, 
brightness, colour, movement, etc., are constant and definite properties 
of the virus. Granules inside or outside leucocytes vary greatly in 
size, brightness, colour and movement. The immediately obvious 
difference between the two lands of particles is in respect of bright- 
ness ; living vaccinia virus bodies are about three times as bright 
as non-specific granules. Fig. 6 shows a sheet of leucocytes the 
greater number of which contain living and moving virus ; a line 
drawn from near the upper right-hand comer to about the middle of 
the lower edge of the photograph has the infected (whiter) leucocytes 
to its left, the uninfected (greyer) ones to its right. Fig. 7 shows five 
leucoojdes, of which the central cell contains virus, the left upper 
cell is disintegrating and the right upper cell shows an empty 
extrasion, while the two lower cells present no noteworthy details. 
The difference in brightness between the central cell and the others 
is apparent. 

The number of virus bodies inside the leucocytes varied consider- 
abty. For the purpose of observing phagocytosis, leucocytes dis- 
playing movement of pseudopodia and filopodia were kept under 
prolonged observation. Phagocytosis was observed sufficiently often 
to make one satisfied as to its regular occurrence. A certain amount 
of chemotaxis was noticeable in the collection of active leucoo 3 des 
around tissue cells which were discharging their vims content. Single 
elementary bodies were ingested in some instances within a few 
seconds. Small cysts containing vims were seen to be completely 
enveloped 2 or 3 minutes after having first been touched. 

Having thus ascertained the existence of the process of phagocytosis 
of vaccinia virus the next que.stion was the further fate of phagocytes 
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and intracellular virus. This question could only be answered by 
appl3ang once more the principle of prolonged observation. 

Observations over a period of three days 

If a leucocyte containing virus persisted in its usual form and shape 
without brealdng up, the virus in many cases formed colonies which 
were grouped around one of the nuclear lobes. The result was a 
strilung resemblance to those intracellular colonies seen in epithelial 
and tissue cells — Guamieri bodies — as they have been observed and 
recorded earlier (Merling, 1940a., figs. 11 and 12). The leucocyte 
shown in fig. 8 is apparently dead, three days after it had left the 
animal body, but it shows no signs of disintegration. The virus lies 
in the form of a crescent-shaped colony near the left edge of the cell. 
In fig. 9 a leucocyte is pictured which, after three days, has formed 
an extrusion filled with a small number of moving virus bodies. A 
few elementary bodies adherent to the membranous wall of the 
extrusion could be determined. 

In fig. 10 a leucocyte (also three days old) is shown in process 
of bmrsting and releasing its content of virus. A similar picture is 
given in fig. 1 1 at a higher magnification. In all these leucocytes the 
intracellular colonies of virus show up well as bright areas. Particularly 
in fig. 11 the similarity to a Guamieri body was very striking. Amongst 
the released virus particles aU the stages of its life cycle can be found. 
Some leucocytes seemed to break up to a certain extent, discharging 
some of the virus. Parts of such cells remained imchanged while 
the virus colony grew very slowly amidst the debris. Pig. 12 shows 
three such partly broken up cells, with persisting virus colonies which 
had previously been intracellular. One of the cells has formed 
extrusions, to the surfaces of which some elementary bodies are 
adherent, resembling an appearance recorded in a previous paper 
(fig. 2, Merling, 1943). 

Observations over a period of three weelcs 

After the specimens had been observed for three days it became 
clear that although the majority of the leucocytes were dead the 
development of the virus was not completed. Extracellular virus 
bodies remained mobile for several weeks, showing a slow increase 
in number. Intracellular virus bodies, if they were lying singty 
within the protoplasm of the cell, became motionless, but if they 
had formed colonies they continued to show the familiar fast move- 
ment of living inclusions. Pig. 13 is a photograph of the same .three 
leucocytes as are shown in fig. 12 after an interval of three weeks. The 
position of the cells is slightly different owing to currents or possibty 
to amoeboid movement during the fourth and fifth days before the 
cells had died. In aU three the virus colonies observed and recorded 
in fig. 12 had persisted and remained as mobile as on the first day. 




Figs. 8-12. — ^Photograplis taken. 72 hours after removal from rabbit, x 1000 (except 

fig- 11). 

Fig. 8. — Leucocyte ^vith intracellular wus. Movement has partly ceased. 

Fio. 9. — Leucocyte sbonong extrusion filled with mobile virus (c/. fig. 2). 

Fio. 10. — ^Leucocyte bursting and releasing virus. 

Fio. 11. — Leuoocj'te disintegrating slowly and releasing virus. XloOO. 

Fig. 12. — ^Threo disintegrating leucocytes containing intracellular virus, one 
showing an extrusion dotted with elementary bodies. 

Figs. 13-15. — Photographs taken 3 weeks after removal from rabbit, x 1000. 

Fig. 13. — Throe leuoooj’tos containing various amounts of moving virus. 

Fio. H. — ^Two leucocytes, of wluch the one on the right shows intracellular 
moving ^'irus, that on tho left is ohscurod by a droplet of fat. 

Fio. 15. — ^Loucoojde which has formed one largo droplet filled with mordng and 
resting virus. Some cell constituent's are faintly \isible. Of. fig, 1. 
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The size of the colonics had increased and their outlines had become 
more distinct. It was not possible to have the three cells equally 
sharply focussed in fig. 13. Another cell with an intracellular colony 
three weeks old is shown in fig. 14. By the side of the cell are lying 
some droplets, one of which is so bright that its outline could not bo 
recorded at an exposure time suited to the cell and colony. This 
very bright droplet of fat shows only as a diffraction image. The 
faidtlessness of the diffraction rings incidentally furnishes a severe 
test of the quality of the optical image. 

Another instance of colony formation in a leucocyte following 
phagoojdosis is given in fig. 15. Here the leucocyte can no longer 
be recognised as such, though some cell constituents are still faintly 
visible. The whole cell seems to be blown up like a balloon and it is 
filled OTtli fast-moving virus ; resting virus is adherent to the' 
membrane. In visual observation it would be very difficult to 
distinguish between a cyst and an image like that shown in fig. 15. 
Only prolonged observation and the following and recording of 
developments can supply all the data necessary for differentiation 
of this kind. 

The ultimate end of these colonies witliin dead leucocytes was 
similar to that previously described for colonies formed under different 
circumstances (Merling, 19406, 1943). With the break up of the cell 
or its debris or the bursting of an extrusion the greater number of 
virus bodies were released. Gradually and slowly all movements 
came to a halt and no further changes occurred. Virus bodies adherent 
to a gloss surface steadily lost brightness but never disappeared 
completely. Such specimens were frequently opened and stained. 
They then furnished further confirmation of the appearances described, 
though within such limitations of staining methods as inferior resolu- 
tion, fixation, artefacts, etc. Delicate structures like the one shown 
in fig. 15 usually did not stand drying, oven when this was carried 
out in the most carofrd way in a moist chamber. In most cases they 
shrivelled up into a mass that showed no resemblance to their former 
appearance, as was easilj' observed with dry objectives (8 mm. and 
4-2 mm.) after removal of the coverslip. Further manipulation like 
fixing and staining appeared to produce less change. 

Discussion 

Under the conditions of the experiments vaccinia virus can bo 
recognised in the living leucocyte as 'soon as some experience has 
been gained in differentiating vims from normal cell constituents. 
Mitochondria caused some difficulty at first, but later, when attention 
was constantly focussed on all their characteristics and those of the 
virus, no confusion arose. The question of invasion of the leucocytes 
by the virus or its phagocytosis (active ingestion) was decided by 
direct observation. The most remarkable fact which came to light 
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in these observations was the lilceness of the colonies derived from 
leucocj'tes to those originating in epithelial cells. No essential 
difference has ever been recorded. If there had been any need for 
further confirmation that it was the virus which produced all the 
appearances here described, it is clearly provided by the fact that two 
phylo- and ontogenetically different types of cells — epithelial cells 
and leucocytes — ^formed the matrix for a tliird unknown, supposed to 
be a colony of a micro-organism. Both types of cells showed the 
same changes and appearances folio-wing the intracellular presence 
of the -virus. 

The importance of the discovery of viral phagocytosis need not 
be emphasised here. It need only be mentioned as an immunological 
phenomenon affording one more fact connecting viruses -with larger 
micro-organisms. Phagocytosis of bacteria has formed a valuable 
tool in bacteriological technique almost since the days of its discovery 
by Metchnikoff, and the knowledge that the same process takes place 
with viruses may also prove to be of value. 


SmiMABY 


The method of prolonged observation has been applied to the 
study of the relationship of leucocytes and vaccinia virus. It was 
possible to take photographs which show the virus living intraceUularly. 
Intraleucocjdiic virus did not die but formed colonies which survived 
the death of the leucocyte and continued to grow. These colonies 
appeared in no wa}’- different from those originating from epithelial 
cells or from a la-wn of virus bodies as described in previous 
publications. 

I am indebted to Professor James McIntosh for his valuable advice and 
criticism and to the Jliddlesex Hospital Medical School for facilities in carrying 
out this -work. 
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THE BACTEEIAL FLORA OF WOUNDS AND 
SEPTIC LESIONS OF THE HAND 

B E 0 WiLUAMS and A A Sln/ES 

From the Medical Research Council Tfoutid Infection Umt, Birmingham 
Accident Hospital, and University College Hospital Medical School, London 

This communication reports the data (to which our colleagues, Miss 
B Clayton-Cooper and Mr G J Harper, have contributed) from a 
bactenological survey of some 1200 clean and septic ^vounds and 
other septic lesions, made to determine the relative importance of 
the vanous bacterial species as causes of sepsis in the very common 
small wounds of the hand resulting from industnal and domestic- 
accidents 

BAOTERIOLOaiCAI. TECHNIQUE 

The frequency with which \ariou 8 organisms are found m a given site 
depends m part on the bacteriological teclmiqu© employed and for this reason 
wo have set out and analysed our technique in some detail , it was adapted 
from that recommended in the Medical K^earcli Council War iMemorandum 
no 2 (1943) 

Sampling methods The efficiency of any sampling method is measurable 
only m terms of the optimum cultural technique for each bacterial species 
present and for each variation m the material imder test There is no simple 
method that is optimal for all circumstances ond species and some degree of 
compromise is necessary Tho methods available for samplmg wounds include 
(I) the swab, (2) the excision of fragments of woimd tissue, advocated by 
American workers, c g Pulaski et al (1941), (3) the collection of wound exudate, 
and (4) rmsmg tlie woimd with a small quantity of nutriont broth The woimds 
studied by us seldom had any exudate and were too small for rmsmg As a 
routme we used a swab, moistened if necessary with peptone water, and 
whenever possible cultivated excised tissue fragments m addition A com 
parison of the frequency of obtammg Staph aureus by these two methods m 
228 small wounds showed that each alone yielded about tho same proportion 
of positives — 51/228 and 60/228 with a mean of 64 6/228 — that is, there 13 little 
to choose between them The proportion of positives by the combined methods 
was 95/228, about double the moan value for a single sample These results 
are most simply explamed by assuming that the niduses of staphylococci m 
the samples are exceedmgly scanty, bemg present on the average once in two 
or three samples, whether swabs or pieces of tissue Excised tissue w as avail 
able, however, only from fresh woimds, and for healmg wounds we relied on 
the swab, though some mfoctions will remaui unrecognised by this method 
Nevertheless tho error from this source may be assumed constant and com 
pansons between different groups of woimds sampled by the same technique 
will be valid Excised tissue was collected m about 1 c c of 0 05 per cent 
liquoid broth, to neutralise as far as possible the antibacterial substances present 
jn the tissue fluids (von Haobler and Milos, 1938) 

"7 



30 


R. E. 0. WILLIAMS AND A. A. MILES 


111 the early stages of the investigation, swabs from 27 fresh wounds and 
87 septic wounds were examined by an extended technique in which a more 
thorough study was made of the anaerobic plates, and the cooked meat cultures 
were subcultivated a second time after 7 days’ incubation. The frequency 
of the bacterial species isolated did not differ significantly from those recorded 
in table m, except that a shghtly larger proportion of Cl. welcliii and aerobic 
spore-bearing bacilli was obtained. 

Neutralisation of bacteriostatic agents present in samples. For samples from 
wounds undergoing sulphonamide therapy, p-amino benzoic acid {0-05 mg. 
per 100 c.c.) was incorporated in plates (M.Il.C. War Memo. no. 2). The 
appropriate amount of penicillinase-containing paracolon powder (Harper, 
1943) was added when samples were expected to contain peniciUin. 

The dilution of the swab in the 10 c.c. of the cooked meat medium is sufficient 
to overcome the ^inhibition due to small quantities of drugs. Moreover, the 
broth itself contains some substance, as yet not clearly identified, which 
antagonises the action of the sulphonamides (Macleod, 1940 ; Harper and 
Cawston, 1945), so that staphylococci will grow in it in the presence of 50 mg. 
of sulphathiazole per 100 c.c. Of the common wound antiseptics, gentian 
violet and flavine, in amoimts greater than are likely to be present on a dye- 
laden swab from a wound, are also neutralised in the meat medium, probably 
by absorption, since the supernatant broth becomes decolourised. 

Methods of identification of various organisms. We have reserved the term 
Staphylococcus aureus for coagulaso-positive staphylococci and have designated 
all staphylococci and miscellaneous gram-positive cocci which fail to show 
coagulaso activity as “ micrococci ”. Coagulase tests were made by the 
methods of Cadness-Graves et al. (1943). The term Streptococcus pyogenes has 
been reserved for group A hajmolytic streptococci, grouped by a modification 
of Lancefield’s method (Williams and Harper, 1944). 

Streptococci of viridans type were distinguished by morphology and by 
hffimolysis on the blood agar plate. All aerobic gram-negative bacilli of the 
coliform typo were classified by fermentation and other biochemical reactions 
into species of the genera Bacterium, Proteus, Pseudomonas, Chromobacter, 
Achromobacter, etc. Cl. uielchii was identified by the Nagler plate reaction 
(Hayward, 1943) and by its production of a stormy clot in iron-milk (M.R.C. 
War Memo. no. 2). Other anaerobic organisms were identified by Miss N. J. 
Haysvard, University^ College Hospital Medical School, London. 


Bactekial floka op WOPNES 

It is convenient to distinguish “ sepsis ”, as a clinical diagnosis 
based on the signs of inflammation in the wound, from “ infection ”, 
a bacteriological diagnosis based on the results of culture. All but 
some 8 per cent, of septic wounds are demonstrably infected with 
pyogenic organisms (see below), but up to 40 per cent, of clinically 
healthy wounds are also found to be infected. The latter condition 
we term ” silent infection ”. We have used the term “ contamination ” 
to refer to the presence of bacteria in woimds less than 6 hours old, 
for within this period neither the bacterial invasion nor the stimulation 
of tissue responses, which together constitute “ infection ”, can, in 
the absence of clinical signs, be presumed to have taken place. 

Table III shows the bacteriological findings in various categories 
of wounds. In column 1 are fresh small cuts of the hand and forearm, 
sampled, and treated by trimming and suture, within 6 hours of the 
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injury. A rvound swab and the excised tissue were cultured in these 
cases. A number of the wounds were obsen'ed until healed ; column 2 

TABtc m 


The bacterial flora of wounds and septic lesions 



Percentogo frcqaency of IsoMt/oa In 

Organism 

432 fresh 
lacerations 
of hands 
(1) 

27d healing 
laccnillons, 
ne\er septic • 
(2) 

142 septic 
lacerations 
(3) 

345 other 
septic lesions 
(4) 

Staph, aureus . 

2M 

37 0 


88 2 

Strep, puogenes 


3-2 

l-.o 

2D 4 

Coliform organisms . 

3*7 

7-9 

4 9 

2 3 

Cl. xpelchti 

3-2 

10 4 

4 2 

0 0 

Micrococci 

85-4 

89 6 

25-4 


Aerobio sporc-beoring or- 

9-0 

19 1 

C 3 

1*7 

gamsms 





Diphtheroid organisms 

4*9 


1'4 


Strep, wndani tjTie organ 

63 


1«4 


lams 





Hmmolytio etroptococci, not 

07 



I-S 

group A 





]Miseellaneous Clostridia . 

0 


0 

0'3 

H. tt\/2iien2as 

0 



03 

Sterilo .... 

■■ 



20t 


• PlffUTCS aerl\ed from conaidcroUon of aU follow.up apata racoixad from apy oaa patient, tanging 
up to 7 (mean, 2 18) 

t Including data from aubaequcnt annlia of nounds atlon-lng no patliogcna In tlio flrat annb 
t Threo of the 7 nonnda later ahotred tStaph aureus, 2 ahowed micrococci and l an aerobic apore- 
beartug oigaulsm 

shows the bacterial flora isolated from those that never showed 
sepsis, and column 3 similar data for tlio septic wounds of the same 
series and from other larger septic wounds also initially treated by 
trimming and suture. Column 4 shows the bacteriological findings 
in a group of wounds with established sepsis when they were first 
presented at the hospital. The majority of these wounds were 
sampled at the time of operation. 

In table IV the same wounds are analysed in greater detail, taking 
account only of the presence or absence of Staph, aureus and Strep, 
pyogenes. 

The organisms most frequently isolated from fresh wounds were 
micrococci, but 21 per cent, yielded Staph, aureus in small numbers. 
The carrier rate for Staph, aureus on the normal skin of the wrist 
is about 10-20 per cent. (Jliles el at., 1944) and data from 320 patients 
with fresh smalt cuts of the hand show that 31 per cent, of the 30 
who carried Staph, aureus on the back of the wrist of the uninjured 
hand also had contaminated wounds, compared with 17 per cent, 
of the 281 non-carriers. This is an association that im'ght have arisen 
by chance in about 5 per cent, of trials. The association is much 
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closer -when the skin near the wound is sampled. Table V shows 
that our results for the proportion of wounds contammated with 
Staph, aureus and Strep, pyogenes are in accord with those of other 
workers. 

Tabue IV 


The frequency of Staph, aureus and Strep, pyogenes in loounds 
and septic lesions 


i 

TypQ of wound 

Xo. of 
wounds 

Percentage yielding 

Staph. 

aureus 

only 

strep. 

pyogenet 

only 

Staph, aureus 
and Strep, 
pyogenes 

Xcitlier Staph. 

aureus nor 
Strep, pyogenes 

Minor lacerations, less than 

432 

20-6 

0-7 

0-5 

78-2 

6 hours old 






Healing minor lacerations, 

278 

35-6 

1-8 

■Big 

61-2 

never septic * , 




■■1 


!Minor lacerations, septic less 

55 

67-3 

0 

1-8 

30-9 1 

than 6 days t 





Minor lacerations, septic more 

38 

89-4 

0 

5-3 

5-3 § 

than 5 days + 





Septic lacerations, major 

49 

51-0 

6-1 

38-8 

4-1 

Suppurative tenosynovitis |1 . 

37 

58-8 

18-9 

8-1 

16-2 Ti 

Pulp spaco abscesses jj . 

111 

92-0 

2-6 

1-8 

3-6 

Paronychia jj . . . 

67 

29-8 

13-4 

52-2 

4-6 

Web spaco abscesses 1| . 

22 

86-4 

0 

13-6 

0 

Miscellaneous septic lesions of 

108 

68-5 

3-7 

23-2 

4-0 

hands 






Total septic lesions and septic 
lacerations 

487 

C8*2 

5*4 

18-4 

8-0** 


• Figtircs derived from considcrallon of nil s^’abs from any one wound. 

t Sampled witliin 2 days of the discovery of sepsis. 

I 8 of the 17 wounds showed Staph. in later swabs. 

§ ^ »> >» 2 f, „ ,, „ „ ,, ,, 

tl All sampled at the time of first surgical Intervention. 

^ 3 of the 0 wounds showed Staph, aureus In later swabs. 

*• I *’ *^<1 

yi II It >» II If II II It 

The infection rate among the clinically healthy healing wounds 
which never showed clinical sepsis was nearly double the Staph, aureus 
contamination rate in fresh wounds, and the degree of infection, 
judged by the grotvth on direct plates from the swab, was often as 
great as that from frankly septic lesions. 

The great majority of septic lacerations and other septic lesions 
yielded Staph, aureus or Strep, pyogenes, and in general it was only 
those wounds that were septic for a short time which failed to yield 
pyogenic cocci. Another notable fact is the high prevalence of 
staplndococcal as compared with streptococcal infections. In only 
three types of wound are streptococcal infections at all common : 
suppurative tenosjmovitis (27 per cent.), paronyclua (65 per cent.) 
and septic major lacerations (45 per cent.). It is possible that the 
high prevalence of streptococcal infection in the two latter is the 
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result of added infection, for the initial infection of small Tvounds 
of the hand is usually staphylococcal (unpublished studies) and both 
paronycliia and major lacerations are peculiarly liable to added 
infection. The septic major lacerations were moderately large 
wounds which had demanded surgical repair at the time of injury. 


Tabm: V 

The bacterial Jlora of fresh and '* old ” wounds 


■ 

Sampling 
mctiK^ : 

8 ■* swab 

T -• tissue 

Age of 
wotmda 
when 
sampled 


Percentage of woxmds yielding 

Deference 

No. of 
cases 

Staph. 

aureug 

Strep. 

pVOJgTtgt 

Dart. 

eolt' 

type 

Pg. ptfocyaiua 

Pulaski, Moleney and 

T 

24 lira. 

200 

18-8* 

17*0 t 


23$ 

Spaeth (1041) 








Spooner (19416) 

S 

48 

31 

6-C 

6-6 

100 

0 

Haro and ^VUlita) 

S 


/366 


0 

... 


(1942) / 


\187 

18 b 


... 

... 

He Waal (1043) 1 . 


10 

342 

16-0 

(16-7) t 

3-0 

0-3 

Altomeier and Gibbs 


3 „ 

09 

•7-0 

(13-0) t 


20$ 

(1044) 






Miles et ol. (1040) . 

8 

1.40 days 

105 

54*3 

31-4 

24-7 

7-0 

Spooner (,10416) 

S 

-•21 

13 


36-4 

80-8 


S 

>35 „ 

20 

06-6 

60-0 

61-7 


■Pulvertafl (1943) , 

s 

... 

62 

64-4 

30-6 



Do Waal (1043) . 

s 


708 

32-8 

Eiilifl 



Grinnoll (1937) . 



112 

4B-4 II 

51*8 t 


Hy^|{ 


* Estimated from the proportion of coagalase>po8lUve sUpbylococcI fonnd by the outbors In tlie 
minority of their wound stapliylococcl tested for the enzyme, 
t '* Usemolytlc streptococci ", not definitely Strtp. pyoQtnet. 
t " Enterobacteria "• 
i Wotmds of hand and forearm only. 

II " Hcemolytle and non*hiemolytio aurgut ", coagnlase activity not recorded. 

^ All cases of suppurative tenosimovitls, i.e. definitely septic. 


Many had been open discharging wounds for some time before 
swabbing. Paronycliia is frequently a chronic infection which may 
remain open and untreated for some time. On the other hand, the 
wounds showing a very high prevalence of pure Staph, aureus infeotiou 
— the pulp space abscesses — are those in wliioh the lesion often arises 
from a puncture wound, which, veiy soon after the injury, is effectively 
sealed off from the exterior and from the possibility of secondaiy 
infection. 

The association of streptococci with open wounds is also 
demonstrable in the “ miscoUaneous ” group. Eighty-eight of these 
wounds for which adequate records are available can be divided 
into two groups : Si wounds which were noted as " open and dis- 
charging ” at the time of samph'ng, and 34 wliioh were made by 
operations on closed abscesses and were sampled at operation. 

JOtTUff. 0? PATH,— TOL. ITH O 
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Streptococci were present in 44-4 per cent, of the “ open ” wounds, 
but in only 8-8 per cent, of the “ closed ”. This is a highly significant 
difference, being one that might be expected to occur by chance less 
than once in 10,000 trials (x“= 17*16). 

We have attempted to classify 25 of the 36 strains of coliform 
organisms isolated from these wounds. The frequency of isolation 
of the different species was as follows ; — Bact. coli, 7 ; Bact. aerogenes, 
3 ; Achromobacter 4 ; Ps. pyocyanea, 4 ; Proteus morgani, 3 ; and para- 
colon baciUus, 1. Four strains could not be classified. None of the 
wounds yielded Proteus vulgaris. 

Discussion 

A number of reports are available dealing with the bacteriology 
of major war and civilian wounds at varying intervals after infliction. 
Some of these are compared in table V, though it must be emphasised 
that the species frequencies are reflections of technique and are not 
strictly comparable. The table shows a much greater proportion of 
coliform infections than we have observed. Our wounds, however, 
were exclusively industrial and domestic wounds of the hand. .Those 
reported by other workers included wounds of aU parts of the body, 
and De Waal (1943) has shown that wounds of the thigh and abdomen 
show a much higher incidence of coliform contamination than do 
those of the forearm and hand. Our teclmique was inadequate for 
the isolation of slowly growing or fastidious organisms such as many 
of the Clostridia, Hemophilus, etc., but it is almost certainly optimal 
for the isolation of coliform organisms, whose absence must therefore 
be attributed to the difference in the population of the wounds 
studied. This conclusion is supported by the results of applying 
the technique to war wounds of the lower limb : fifty-six such 
wo\mds 3-8 days old were recently investigated and 27 (48 per cent.) 
yielded coliform organisms. 

Various explanations may be offered for the finding that a small 
proportion of septic wounds fail to yield pyogenic cocci. 

1. The changes noted in the wound and interpreted as sepsis may 
not in fact have been the result of bacterial invasion. 

2. The sampling may not have been adequate, or viable bacteria 
may have been present only in the deeper layers of the wound. In 
some wounds, however, nuld sepsis was noted for a day or more 
before cultures yielded Staph, aureus (see footnotes to tables III and 
W). It may be that the micrococci isolated were responsible for the 
initial changes and that the staphylococci were added from vdthout 
to a wound opened up by micrococcal infection. Or the sepsis may 
have been due all the while to Staph, aureus, which we failed to 
isolate until a late stage. In this connection it is of interest that 
cultures taken at the time of first incision from a few abscesses and 
septic tendon sheatlis have proved sterile, though they jdelded a 
profuse groivth of Staph, aureus on the following day. It is possible 
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that "wMe viable organisms are still present in the wall, the pus in 
a mature abscess can in fact be sterile, perhaps as a result of the 
activity of the leucocytes (Fleming, 1919-20), and perhaps beeaiise 
the organisms do not easily flow into the pus against the hydrostatic 
pressure in the abscess cavity. 

3. The sepsis may have been caused by infection with microbes 
riot easily identified by the cultural method used, e.g. certain Clostridia, 
members of the Bacteroides and fitsifortnis groups, anaerobic strepto- 
cocci, non-hsemolytic group A streptococci, Hoomophilus, etc. 

4. The organism isolated, though usually regarded as non- 
pathogenio (e.g. ooagulase-negativo staphylococci, etc.), may have 
been responsible for the disease process in these wounds. We have 
observed wounds which were without doubt septic, though careful 
and repeated cultivation on various media yielded a pure growth of 
micrococci only. Unfortunately we have not been able to test the 
virulence of these organisms in animals. 

It is probable that all these explanations are relevant to some oases 
of sepsis, but, as table III shows, the problem is not numerically 
important and sepsis in wounds of the hand can be accounted for 
in the large majority of cases by infection with Staph, auretts or 
Strep, pyogenes. 

SuJtMArir 

A bacteriological survey (mainly in terms of gerobio bacteria) has 
been made of 1197 wounds and septic lesions of the hand and the 
results classified according to the nature of the lesion. Staph, aureus 
and Strep, pyogenes predominated as the chief causes of infection. 

Staph, aureus was isolated from 21 per cent, of 432 fresh wounds, 
from 37 per cent, of 278 apparently healthy healing outs, from 82 per 
cent, of 142 clinically septic cuts and from 88 per cent, of 345 other 
septic lesions. The corresponding percentages of wounds yielding Strep, 
pyogenes were 1, 3, 18 and 26. Only 39 (8 per cent.) of 487 septic 
lacerations and other septic lesions failed to yield Staph, aureus or Strep, 
pyogenes, though 12 of these yielded Staph, aureus in later samples. 

Bacteria of presumed fecal origin were rarely found in these 
wounds of the hand. 

The majority of infections of the hand that develop as closed 
lesions, e.g. pulp space abscesses, are due to Staph, aureus ; those that 
develop as open lesions, e.g. paronychia and largo septic lacerations, 
commonly yield Strep, pyogenes ns well. Tliis difierenee suggests 
that Strep, pyogenes wound infections result from long exposure to 
a relatively low risk, and that many of them are added after the 
infliction of the wound. 

Wo nro indebted to Mr William Gissaoo, clinical director of the Birmingham 
Accident Hospital, and to the staff for their co-operation in this survey. 

Part of this work is incorporated in a thesis submitted by B. W. and 
approved by the Dniversity of London for the degree of M.D. 
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A STUDY OF THE EFFECTS OF APPLYING 
PEESSUBE TO EXPERBIENTAL THERl^IAL 
BURNS * 

G. R. Cameron, J. W. Allen, R. F. G. Coles and J. P. RtJTLAim 

The striking results obtained by Cope and Rliinolandor (1943) in 
treating bums by the application of pressure has led to much interest 
in tliis therapeutic measure. Wo record experiments designed (1) to 
assess the value during the first 24 hours of the prompt application 
of pressure to extensively burnt limbs and (2) to clarify our knowledge 
of the physiological prmoiples involved in such treatment. 


Methods 

Male and female goats, 16 43 kg. body weight, were employed. Females 
were preferred because of the av.kward arrangement of the external gomtal 
organa and the unpleasant habits of the billy. Pregnant females were avoided 
whenever possible and placid, well nounsbod animals, free from onsemia or 
obvious lung disooae v.ere chosen. Twenty eight goats m all were used, 14 of 
which were treated with pressure, 14 bomg burnt but not treated. To economise 
space wo give details only of the 12 experiments with severe burning. The 
full charts and tables have been deposited with the Librarian, General Library, 
British Ifuseum (Natural History), London, S W. 7. 

Blood examination. Smee wo are not aware of any thorough mveatigation 
of the normal goat's blood picture (Borcrofl et al , 1019 20, give figures for 

Table I 


Nomal goaU, Summary of blood component means loWh statietical constants 


Cotnponent 

Mean 

Standard 

deviation (o) 

Standard 

error (SE) 

^o ofgeata 

examined 

Hcemoglobm (percentago) 

Oft 4 

12 2 

1 4 

83 

Rod corpuscles (railhons per c rom ) 

12 49 

2 18 

0 26 

70 

White corpuscles (thousands per c mm ) 

10 28 

3 12 

0 28 

78 

Htematoent (percentago) 

23 75 

5 06 

0 81 

54 

Total blood volume (c o per kg body 
■weight) 

C5 34 

10 08 

1 31 

59 

riasToa volume (c c per kg body weight) 

49 41 

9 26 

1 21 

59 

Cell volume (c c per kg body w eight) 

15 93 

3 02 

0 51 

59 

Total scrum protoms (g per 100 c c ) 

8 65 

1 32 

0 17 

67 

Serum albumm (g per 100 c c ) 

3 54 

0 72 

0 10 

57 

Serum globulin (g. per 100 c c ) 

6 18 

1 25 

0 17 

07 

Non protein nitrogen (mg per 100 c c ) 

47 46 

11 74 

1 56 

67 


hTiinoglobm) and blood volume wo include a summary of our findmgs m such 
a senes (table I) A curious feature is the high glohulm content of the serum 

• Report to tho Bums Sub Coraimtteo of tUo Medical Reaeatcli CounciVa War Wounds 
Oommittoo 
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as determined by salting-out "with 22-5 per cent. Na 2 S 04 at 38° C. Hsmoglobin 
was estimated by the Haldane CO method, red and white eells were counted in 
a Thoma chamber after dilution with the usual diluting fluids (Hayem’s fluid 
often gives agglutination of goat’s red corpuscles but the saline-citrate-formalin 
mixture described by Whitby and Britton (1939) is free from this fault) and for 
hcematocrit determinations 10 capillary tubes were used, with centrifugation 
at 3000 r.p.m. for 45 minutes. Serum proteins and non-protein nitrogen 



Thermal burn. Blood changes in goat: 15-G per cent, of body surface scalded 
at 86° C. for 24 minutes. 

were estimated in oxalated blood by micro-Kieldahl digestion and direct 
nesslerisation, albumin and globulin being separated by the precipitation of 
globulin with 22-5 per cent, of NajSO* kept at 38° C. Non-protein nitrogen 
was obtained after precipitating the proteins with trichloracetic acid. Plasma 
voliune was determined by the method of Kennedy and Millikan (1938) and 
Courtice (1943-44), employing the blue dye T. 1824, which can bo estimated 
with great accuracy by the aid of a photo-electric cell. The device introduced 
by Harington, Pochin and Squire (1939-42) for overcoming opalescence of 
plasma proved valuable. For repeated estimations in the same animal a 
sample of plasma was withdrawn before each new injection of dye to servo as a 
control. Cell volume was calculated from the htcmatocrit and plasma volume 
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and the total blood volume obtained by addition Tins procedure of course 
ossumee that values from venous (jugular) blood are fair mdicatione of the 
total blood distribution, an assumption not necessarily correct nhen there 
js Bonous circulatory disturbance For that reason we place no emphasis on 
total blood and cell volumes but merely record them in the protocols , the 
plasma volume is the useful observation Other sources of error m the dye 
method and its applicability to conditions of abnormal capillarj permeability 
are discussed m the thoughtful paper of Courtice and the publications of Gibson 
and Evans (1037), Gibson and Evelyn (1038), Price and Longmiro (1042), 
Gregerson mid Eawson (1942 43) and King H at (1942 43) 

Burmng Tot burning wo placed goats m oil drums containing water at 
86® C , 80 that tho foro and hind limbs rested m the water to n known level, 
for 2^ minutes Nembutal, 16 mg per kg , was admmistered intravenously to 
elimmate pam and atrugglmg Such a technique gave remarkably constant 
bums mvolving about 20 per cent of tho total body surfoco and extending 
about midway tlirough the dermis Tho burnt areas were measured by applying 
flexible paper strips and the percentage of total bodj surface caloulatcd from 
tho formula S ==0 116 Wl, where S = body eurfaco in square metres, W = body 
weight m kg We obtained this formula by direct measurement of a few goats , 
it 13 very hko the formulTj given by Mooh (1870) for dogs and man 

Pressure application Quick setting “ Cellona ” plaster bandages were 
applied to tho burnt areas at once and m a few experiments 4 and 0 hours after 
burning In most coses the bandages were applied fairly tightlj so os to raise 
tho subcutaneous tissue pressure by 6 7 mm Hg as estunatod by the method 
of Burch and Soderaan (1937) Wo carried out a number of estimations of 
Bubculanoous pressure in normal human subjects, obtaining results similar to 
those of the American workers, and then extended the method to tissues enclosed 
m plaster bondage Reproducible results were obtamed m tho same subject 
Goat flguTiJS were also fajjly constantv In other espfirjments skin tight plaster 
was applied, much less pressure bemg exerted on the imderlying tissues It 
was essential to apply tho bandages with considerable overlap beyond tho bum 
margins since cedematous fluids tend to bo squeezed some distance from the 
burn by the bandages 

After care Tins is important if serious shock is to be prevented Tho goats 
were kept warm by means of blankets and hot 'vvator bottles m straw lmo<l 
pens, receivmg food and water if they wished it Bleeding uas carried out 
expeditiously and so as to remove minimal amoimts of blood consistent with 
the m\ estigation Keeping tho animals quiot and froo from fright w os essential , 
wo camo to dread the bleatmg restless goat os a hkclv candidate for shock 
and death 

Other observations Throughout tho experimental period repeated observa 
tions were made on clinical behaviour, respiratory rate, rectal temperature, 
passage of tirmo and tlie condition of the neck veins , blood pressure estimations 
could not be included m our scheme Twenty four hours after bummg the 
animals were killed with Nembutal and autopsy was at onco conducted Tho 
skin and subcutaneous tissues down to tho underlying skeletal muscles were 
dissected out and weighed, tho limbs severed at tho bum margms and weighed 
and a careful search mado for fluid loss into serous cavities and lungs Tlie 
lung heart ratio, a useful mdex of pulmonary ccdexna, was calculated Material 
from mom organs except the bram was fixe<l m 10 per cent formol saline and 
m Siisn for burnt skm, paraffin and frozen sections being stamed with Ehrlich’s 
acid h'cmatoxylin and cosm, Woigert’s iron hacmatoxylm and van Gioson and 
Scharlach R for fata The prussian blue method was used for tho spleen and 
Hoidonham's azan method for kidneys and bums Tho bladder urmo was 
exammed for blood cells and pigment, costs, albumm and sugar 
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RESUIiTS 

The course of an extensive untreated bum 

An uncomplicated thermal bum runs a constant course in the 
goat and shows close similarity to the course in man. Within half- 
an-hour of burning about 20 per cent, of the total body surface much 
plasma leaves the vessels of the affected region. This results in a 
rapidly increasing hajmoconcentration, a speedy fall in plasma and 
total blood volume with an unchanged, sometimes increased, cell 
volume and a steadj’^ decline in the serum protein concentration 
(fig.). The glohulin is often affected more than the alhumin, a feature 
we have noticed in the goat in other conditions with increased 
capillary permeability. For the first 4 hours these changes are 
pronounced, next comes a period of about 4 hours in which little 
change occurs and then at the 8th or 9th hour recovery sets in. At 
24 hours hsemoglobin, hsematocrit and red cell counts are normal 
or subnormal, blood and plasma volumes remaining depressed. 
Serum proteins have seldom reached the initial values by this time. 
Local oedema at the bum site increases during the first 24 hours or 
longer but begins to subside shortly afterwards. Anremia, usually 
mild, may then develop ; it does not seem to be due to blood dilution. 
tSerum proteins recover in about 3 days. Leucocytosis appears -witbin 
a few hours of burning and often persists for many days. Clinical 
features are not pronounced during the first day ; the rectal tempera- 
ture may show a slight rise and the respiratory rate may increase for 
a few hours at a time when circulatory disturbance can be detected. 
If the animal is restless or in a state of advanced pregnancy or ansemic 
these features may be pronounced and death sometimes occurs at 
4-6 hours. Fall in rectal temperature has not been met with even 
though some animals were very shocked. 

Pathological changes are slight. Animals killed 24 hours after 
extensive burning show lung liEemorrhages, especially along the 
postero-medial margins, and sometimes recent endocardial and peri- 
cardial hffimorrliage, congestion of the lungs, liver, rarely spleen 
and duodenal mucosa and occasionally severe oedema of the bone 
marrow. Renal changes are slight and may be associated with 
leakage of small aidounts of altered blood through the glomeruli. 
Pigment casts may be forming at this stage. Erythrophagoc 5 rtosis 
is striking in the spleen. Haemolysis and sometimes haemoglobimuia 
are foimd during the first 12 hours but are slight and have not led 
to jaundice in our animals. Spherocj^iosis and “ budding ” of red 
corpuscles maj' be seen shortly after burning. The adrenals and 
other ductless glands present no abnormalities. Slight liver damage 
occurred in one goat. Cerebral oedema was not obvious in 3 animals 
whose central nervous sj'stem was carefully examined. None of these 
pathological findings can be viewed as alarming and we doubt whether 
they are associated with serious disturbance of function. We have 
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formed the opinion that there are no changes in the organs after 
extensive burning of the extremities other than can be accounted 
for by the plasma loss into the burnt area. 

Tlie effects' 0 } applying pressure to burns 

The results of our experiments are in part set out in tables H . 
and III and summarised in table IV. It seems that prompt application 
of pre.ssure reduces maximal percentage hsemoglobin rise (mean of 
11'18±1'87 in pressure-treated goats against 33'17±3-71 in un- 
treated) and percentage plasma volume fall (mean of 10'83±2'09 
against 31'33d:3-03), whilst it encourages the return to normal of 
the plasma volume. It will be noted that from time to time cell 
volume has increased, especially in the early hours after burning, both 
in treated and control goats. We attribute this to splenic contraction, 
the spleen being a rather large organ in the goat. Serum protein loss 
from the blood is also decreased by pressure treatment. The mean 
maximal fall of serum protein in treated goats was 10-83±J'39 
per cent., for untreated animals 20-0d:l‘71 per cent. All these 
differences are statistically significant. 

In table III wo have collected data about the weights of the 
total burnt limbs and skin in both series of animals. There are 
certain obvious criticisms of the method. Pressure treatment leads 
to extension of oedema beyond the burn margins, sometimes for a 
distance, hence comparisons of total burnt limb&, i.e. limbs out off 
at the burnt margins, may bo of restricted value. Comparison also 
requires (1) similar areas being burned, (2) no gross differences in 
weight of limbs compared. It is not easy to adjust these difficulties 
satisfactorily, for rarely can animals be selected of exactly the same 
body weight and build. We accordingly present our results along 
with notes which indicate whether a fair comparison may be made, 
but we make no attempt to draw any quantitative conclusions. We 
believe tliis evidence shows that pressure has reduced the oedema 
in the burnt area and it is our impression that reduction is not 
inconsiderable. The local oedema figures are the more impressive 
because there was no fluid loss from the bums by “ weeping ” or 
blistering, phenomena not encountered in the burnt goat. Nor did 
there appear to be loss in other ways, for serous effusions were not 
seen, pulmonary oedema was not discovered and none of the animals 
developed diarrhoea. We doubt whether the inconstant and usually 
transient quickening in respiratory rate could have influenced fluid 
exchange very much. 

Wo also gained the impression that on the whole treated animals 
showed less severe clinical features than untreated, although 
temperature and respiration records did not suggest any notable 
difference. Pathological examination, too, was of little assistance 
in assessing the value of tijjatment, since both groups of animals 
showed little systemic injury. 
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Restilts 

TIk course of an extensive untreated, burn 

An uncomplicated thermal bum runs a constant course in the 
goat and shows close similarity to the course in man. Witliin half- 
an-hour of burning about 20 per cent, of the total body surface much 
plasma leaves the vessels of the affected region. This results in a 
rapidly increasing hjemoconcentration, a speedy fall in plasma and 
total blood volume with an unchanged, sometimes increased, cell 
volume and a steady decline in the serum protein concentration 
(fig.). The globulin is often affected more than the albumin, a feature 
we have noticed in the goat in other conditions with increased 
capiUarj' permeability. For the first 4 hours these changes are 
pronounced, next comes a period of about 4 hours in which little 
change occurs and then at the 8th or 9th hour recovery sets in. At 
24 hours hsemoglobin, hsematocrit and red cell counts are normal 
or subnormal, blood and plasma volumes remaining depressed. 
Serum proteins have seldom reached the initial values by this time. 
Local oedema at the burn site increases during the first 24 hours or 
longer but begins to .subside shortly afterwards. Anemia, usually 
mild, may then develop ; it does not seem to be due to blood dilution. 
Serum proteins recover in about 3 days. Leucocytosis appears within 
a few hours of burning and often persists for many days. Clinical 
features are not pronoimced during the first day ; the rectal tempera- 
ture may show a slight rise and the respiratory rate may increase for 
a few hours at a time when circulatory disturbance can be detected. 
If the animal is restless or in a state of advanced pregnancy or ansemic 
these features may be pronounced and death sometimes occurs at 
4-6 hours. Fall in rectal temperature has not been met with even 
though some animals were very shocked. 

Pathological changes are slight. Animals killed 24 hours after 
extensive burning show lung hsemoiThages, especially along the 
postero-medial margins, and sometimes recent endocardial and peri- 
cardial hsemorrhage, congestion of the limgs, liver, rarely spleen 
and duodenal mucosa and occasionally severe oedema of the bone 
marrow. Renal changes are slight and may be associated with 
leakage of small ardounts of altered blood through the glomeruli. 
Pigment casts may be forming at this stage. Erythrophagocytosis 
is striking in the spleen. Haemolysis and sometimes haemoglobinuria 
are fovmd during the first 12 hours but are slight and have not led 
to jaundice in our animals. Spberocj’tosis and “ budding ” of red 
corpuscles may be seen shortly after burning. The adrenals and 
other ductless glands present no abnormalities. Slight liver damage 
occurred in one goat. Cerebral oedema was not obvious in 3 animals 
whose central nervous sj'stem was carefully examined. None of these 
pathological findings can be viewed as alarming and we doubt whether 
they are associated with serious disturbance of function. We have 
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formed tlio opinion that there are no ciianges in the organs after 
extensive burning of the extremities other than can be accounted 
for by the plasma loss into the burnt area. 

The effects of applying pressure to bums 

The results of our e.xperiments arc in part set out in tables II 
and in and summarised in table IV, It seems that prompt application 
of pressure reduces maximal percentage haemoglobin rise (mean of 
ll'18drl‘87 in pressure-treated goats against 33-17J;3-71 in un- 
treated) and percentage plasma volume fall (mean of 10-83J;2-09 
against 3I-33±3-03), whilst it encourages the return to normal of 
the plasma volume. It ivill be noted that from time to time cell 
volume has increased, especially in the early hours after burning, both 
in treated and control goats. We attribute this to splenic contraction, 
the spleen being a rather large organ in the goat. Serum protein loss 
from the blood is also decreased by pressure treatment. The mean 
maximal fall of serum protein in treated goats was I0-83±l-39 
per cent., for untreated animals 20-0±l-71 per cent. All these 
differences are statistically significant. 

In table III we have collected data about the weights of the 
total burnt limbs and skin in both series of animals. There ore 
certain obvious criticisms of the method. Pressure treatment leads 
to extension of cedenia beyond the burn margins, sometimes for a 
distance, hence comparisons of total burnt limbfe, i.e. limbs out off 
at the burnt margins, may bo of restricted value. Comparison also 
requires (1) similar areas being burned, (2) no gross differences in 
weight of limbs compared. It is not easy to adjust these difficulties 
satisfactorily, for rarely can animals be selected of exactly the same 
body weight and build. We accordingly present our results along 
with notes which indicate whether a fair comparison may be made, 
but wo make no attempt to draw any quantitative conclusions. We 
believe tliis evidence shows that pressure has reduced the oedema 
in the burnt area and it is our impression that reduction is not 
inconsiderable. The local cedema figmes are the more impressive 
because there was no fluid loss from the burns by “ weeping ” or 
blistering, phenomena not encountered in the burnt goat. Nor did 
there appear to be loss in other ways, for serous effusions were not 
seen, pulmonarj' oadema was not discovered and none of the animals 
developed diarrhoea. Wo doubt whether the inconstant and usually 
transient quickening in respiratory rate could have influenced fluid 
exchange very much. 

We also gained the impression that on the whole treated animals 
showed less severe clinical features than untreated, although 
temperature and respiration records did not suggest anj' notable 
difference. Pathological examination, too, was of little assistance 
in assessing the value ^f trpatment, since both groups of animals 
showed little systemic injurj". 



T/U3Z,B II 

Blood picture, blood volume, scrum proteins, non-protein nitrogen, respiratory rate and rectal temperature in representative 

pressure-treated and untreated goats 
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TABua HI 


Weight of burnt hmba, burnt «JLm, lungs and hcarit and the 
lung . heart ratio in treated and untreated goats 


Goat 

Treatment 

Percentage 
body eurfaco 
hurried 

Weight of 
total bnmt 
limbs (g ) 

Weight of 

Wefght fg 1 of 

liuns 

heart 

ratio 

Bhln (g ) 

lungs 

heart 

67 

Prossiiro for 24 hours 

20 0 

1977 t 

668 

308 

166 


58 


21 1 

BiTriM 

658 

352 

132 


63 



2160* 

716 

478 

208 

Bivl 

05 



1005* 

546 

452 

142 

3 2 

06 



2236 t 


618 

187 

2 8 

60 


20 7 

1800 t 

405 




69 

Nono 

21 3 

2476 ♦ 

050 

365 

134 


61 

.. 

20 7 

2762 • 


404 

184 

w3M 

62 


23 0 

2613* 


660 

104 


64 


21 1 

2250* 

005 

378 

172 

22 

67 


21 0 


827 

690 

159 

37 

68 


21 4 

2206 • 

835 

367 

146 

■ 


* Slight extension of ®dem» beyond bum margin t Moderate extcnalon of tndemn beyond bum marslo 


Tabi-b IV 


Recoiery times and maximal nse or fall of hccmoghbint plasma volume and 
serum proteins in treated and untreated goats Percentage surface burnt 
given tn r«covdry time co^imn tn brackets 


Blood component 

IXcocrtety VVmo Ihonisl 

MaxVmal iVso w fall (pet ttpt 1 • 

Treated 

TTotieated 

Treated 

Untreated 

Hicmoglobm (per cent ) 

4 (21 1) 

>24 (21 3) 

16 

17 


24 (20 0) 

24 (20 7) 

18 

33 


18 (20 9) 

>24 (23 0) 

13 

45 


8 (21 3) 

>24 (21 1) 

8 

35 


6 (20 0) 

24 (21 0) 

0 

33 


12 (20 7) 

24 (21 4) 


36 

Hoon 

(20 0) 



33 17±3 71 

Plasma volumo (in c o ) 


>24 

14 

32 


24 

16 

38 


4 

>24 

8 

32 


6 

>24 

6 

17 


12 18 

>24 

C 

33 


» 

>24 

17 

36 

I^lonn 



10 83 i2 00 

31 33 ±3 03 

Serum proteins (g per 100 c c ) 

18 24 

>24 

12 

10 

>24 

>24 

12 

27 


>24 

>24 

13 

17 


18 24 

>24 

11 

23 


24 

>24 

13 

19 


0 

>24 

4 

18 

Mean 



10 83il 39 



• rxprea>ied as a percentage of the I'alues found Immediately before burning The dlffertnee of the 
means of tbo maximal rUe or fall U significant being 6, 5 and 4 times the standard error respcctliely 
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Much the same conclusions -were reached in series of animals with 
smaller burns. Of 6 goats with bums involving 7-10 per cent, total 
bodj' surface, 3 were treated with pressure bandages, 3 serving as 
controls. Details of these experiments are not included here. Small 
groups of animals were also treated 4 and 6 hours after burning. Tivo 
of 4 goats in which a four-hours’ delay occurred obtained benefit from 
pressure, but the course in 3 animals with pressure applied after 
6 hours was not favourably influenced. Skin-tight pressure applied 
at once seemed useful in 2 of 3 goats, in wliich hsemoconcentration 
and plasma loss were reduced and the clinical condition was improved. 

Discussion 

Treatment of extensive limb bums with plaster bandages applied 
verj’^ soon after burning in such a fashion as to exert about 5-7 mm. 
Hg. pressure on the subcutaneous tissues has, we believe, given 
strildng results. Plasma loss from the circulating blood is reduced, 
hffimoconcentration is decreased and local cedema appears lessened. 
It is necessary to apply the bandages with considerable overlap of 
bum margins, since pressure tends to squeeze some of the cedema 
fluid for some distance beyond the bum. Skin-tight bandages also 
give good results though they are not so effective as bandages applied 
with pressure. Delay m the application of pressure reduces the value 
of the method. 

Our results support the favourable opinion expressed by an 
increasing number of observers, whose work is reviewed by Rossiter 
(1943 ; Rossiter and Peters, 1944) and Glenn, Gilbert and Drinker 
(1943). Evidence is also accumulating that pressure treatment 
encourages repair but we can express no views at this stage of our 
investigation, which is being continued to test this point. It is 
possible however to form some sort of idea about the physiological 
principles concerned in the initial stages. (1) Pressme leads to a 
reduction in bum oedema. Barnes and Traeta (1941) and Glenn et al. 
(1943) demonstrated this in dogs with closed plaster methods, Rossiter 
and Peters (1944) in rabbits and guinea-pigs with air cuffs. We have 
now shown that the same effect can be produced in goats by means 
of plaster bandages. (2) Pressure reduces fluid loss from the circulat- 
ing blood, inhibiting heemoconcentration and restricting the faU in 
serum protein concentration. Siler and Reid (1942), Lischer and Elman 
(1943), Sellers and Willard (1943) and Sellers and Goranson (1944) 
record less hsemoconcentration in dogs, we in goats. Siler and Reid 
found a reduction of protein loss but were not certain that this was 
statistically significant. Our results are more definite and we give 
evidence of reduced plasma loss based on direct measurements of 
plasma volume. (3) Pressure reduces the effects of increased capillary 
permeability in the burnt area. Glenn et al. foimd that less T. 1824 
appeared in the lymph draining from plaster-coated bums than from 
untreated burns when this dye was administered intravenously. The 
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chemical changes in the blood which wo present suggest an effect 
on permenbility. (4) Pressure reduces lymph flow from a burnt area 
(Barnes and Trueta ; Gleim e< al.). (5) The application of a pressure 
bandage raises the subcutancons tissue pressure ns wo show in tins 
report. 

These facts can bo explained most simply by the assumption that 
pressure combats the altered capillary permeability typical of a 
burn through increasing the tissue pressure. Local plasma loss is 
reduced, plasma volume decrease is inhibited and the main danger 
during the first stages after burning is lessened. 

Finally we wish to stress several observations which have come 
out of this investigation. 

1. Loss of plasma after burning seems to be local only, the amount 
of local cedema on the whole agreeing well with the amount of fluid 
lost from the blood. Wo found no sign of effusion into the serous sacs 
and no pulmonary oedema or other form of fluid loss. A slight but 
widely diffused plasma loss would, however, be difficult to discover. 

2. Attempted compensation for plasma loss can be demonstrated 
at a very earty stage after burning. When 3 goats were burned to the 
extent of 22 per cent, of the total body surface, the affected sldn and 
subcutaneous tissue balf-an-hour later weighed G17 g. on an average. 
The same amount of unbumt skin from goats of similar sox, age and 
body weight averaged 322 g. The burnt areas had thus increased 
2Q5 g. on an average in 30 minutes, due partly to plasma infiltration 
and partly to hiporaimia, although the latter factor is probably 
small. At this time the mean decrease in plasma volume in the burnt 
goats was 118 g., estimated by the dye method. In other words, 
though the burnt areas had gained an average of 296 g. fluid in 
30 minutes, the blood plasma volume had fallen only 118 g. It 
seems that fluid must have been added to the circulating fluid through 
some compensating mechanism. 

3. Pathological changes in the organa have been slight, even 
though our animals were near the lethal border-line. Mild liver 
damage occurred in only one goat. We conclude that death from 
burning during the first 24 hours is most likely circulatory in origin. 

4. Burnt goats are susceptible to certain coincidental conditions, 
especially struggling, fear, pregnancy and probably anasmia. Cirrhosis 
of the liver, present in 4 of our animals, was without effect. 

SuanuARY 

1. Goats exposed to o.xtonsivo thennal burning (about 20 per cent, 
total body surface) rapidly lose blood plasma into the burnt area, 
amounting at times to as much as 40 per cent, of the total plasma 
volume. This is accompanied by hiemoconcentration, slight transient 
hoemolysis, slight increase in blood non-protein nitrogen, decreased 
plasma and total blood volume and a steady decline in the serum 
protein concentration. 
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2. Pathological changes are slight during the first 24 hours after 
burning. Hsemotysed blood is excreted by the kidneys in small 
amounts. Liver damage is insignificant. 

3. Plaster pressure bandages applied to extensive burns of the 
extremities reduce hjemoconcentration, loss of fluid and serum protein 
from the circulation and local oedema. The clinical course appears to 
be favourably affected. 

4. Delay in pressure bandaging diminishes the value of the 
treatment. Skin-tight bandages give useful results, though inferior 
to those obtained when pressure is apphed. 

5. The physiological principles of pressure treatment are discussed 
and the opinion is advanced that pressure combats increased capillarj’’ 
permeability in a burnt region. 

Our thanks are due to the Director-General, Scientific Research and 
Development, Ministry of Supply, for permission to carry out and publish this 
investigation. We also wish to thank Surgeon-Captain A. Fairley, R.N., who 
provided facilities for our work and Dr F. C. Covutice for valuable assistance. 

REFERENCES 

Babcroft, j.. Boycott, A. E., 1919-20. Quart. J. 3Ied., ■siii, 35. 

Dunn, J. S., and Peters, R. A. 

Barnes, J. M., and Tbueta, J. . 1941. Lancet, i, 623. 

Burch, G. E., and Sodejlan, 1937. J. Clin. Invest., xvi, 845. 

W. A. 

Cope, O., and Rhinelandeb, 1943. Ann. Surg., cxvii, 915. 

F. W. 

Courtioe, F. C 1943-44. J. Physiol., cii, 290. 

Gtbson, Jr., J. G., AND Evans, 1937. J. Clin. Invest., xvi, 301. 

Jr., W. A. 

Gibson, Jr., J. G., and Evelyn, 1938. Ibid., xvii, 153. 

K. A. 

Glenn, W. W. L., Gilbert, H. H., 1943. Ibid., xxii, 609. 

AND Drinker, C. K. 

Gregersen, M. I., AND Rawson, 1942-43. Amer. J. Physiol., cxxxviii, 698. 
R. A. 

Harington, C. R., Pochtn, E. E., 1939-42. Clin. Sci., iv, 311. 

AND Squire, J. R. 

Kennedy*, J. A., and ^Millikan, 1938. J. Physiol., xciii, 276. 

G. A. 

King, B. G., Cole, K. S., and 1942-43. Amer. J. Physiol., cxxxviii, 636. 
Oppenhedier, E. T. 

Lisoher, C. E., and Elman, R. . 1943. War Med., iii, 482. 

SIeeh, K 1879. Z. Biol., xv, 425. 

Price, P. B., and Longjure, W. P. 1942. Bull. Johns Hopkins Hasp., Ixxi, 51. 

Rossiter, R. j 1943. Bull. War 3Ied., iv, 181. 

Rossiter, R. j., and Peters, 1944. Lancet, i, 9. 

R. A. 

Sellers, E. A., and Goranson, 1944. Canad. 3fcd. Assoc. J., li. 111. 

E. S. 

Sellers, E. A., and Willard, 1943. Ibid., xlix, 461. 

J. W. 

Siler, V. E., and Reid, M. R. . 1942. Ann. Surg., cxv, 1106. 

Wiutby, L. E. H., and Britton, 1939. Disorders of the blood, 3rd ed., 
C. J. C. London, p. 524. 



6i 5 • 779 t 582 , 2S2 . 13 (PcntctHiwm) 

BACTERIOLOGICAL ASPECTS OF PENICILLIN 
THERAPY * 

T. R. Selbie, Rosemabv D. Simok and James McIntosh 

From (he Bland'Sutton JnstituU 0 / Pathology, Middlesex Hospital, and the 
Central Pathology Laboratory, Emergency Medical Service, Sector V 

The evaluation of a new chemotherapeutic drug is always a 
matter of some difficulty and particularly so when supplies are 
restricted. Elirlich’s brilliant researches in this field have enabled 
us to remove much of the empiricism in which chemotherapy was 
shrouded. Nowhere can tliis bo better exemplified than in the case 
of penicillin, where the laboratory is able to give accurate information 
as to the sensitivity or insensitivity of the infecting micro-organism 
to the drug as well as to the extent to which the drug lias penetrated 
into the blood and tissues after injection. During the past two years 
a research on the clinical application of penicillin at the Middlesex 
Hospital has given us an opportunity of studying tliis subject from 
the bacteriological aspect, of which wo give an account below. 

■ Methods 

Estimation, of penicillin sensitivity of bacteria 

We have based our estimations on the Oxford unit of penicillin, defined by 
Florey and Jennings (1942, p. 122) as “ that amount of penicillin which when 
dissolved in 60 ml, of meat extract broth Just inhibits completely the growth 
of the test strain of Staphylococcus aureus ”, An example of a test of penicillin 
sensitivity which consists of incubating the organism overnight in 1 c.c. 
quantities of serial two-fold dilutions of calcium penicillin in peptone broth 
in 3'Xi' tubes is shown in table I. For fastidious bacteria the most usual 
enricliment has been 2 per cent, glucose, sometimes with the addition of 
6 per cent, serum. In the case of actinomycos wo have used peptone broth 
with the addition of 2 per cent, glucose, 0*2 per cent, agar and a small quantity 
of iron filings, the result being read after 48 hours’ aerobio incubation. 

Estimation of penicillin content of serum and other fluids 

For the estimation of penicillin by this method 1 c.c. of serum or other 
fluid is required. If the fluid cannot bo examined immediateb', h should be 
stored at refrigerator temperature. Turbid fluids, as from erapyemata or 
abscesses, should bo partially clarified by centrifuging. 


• TliU work was done on behalf of the Penicillin Research Committee of tho 
Middlesex Hospital under tho auspices of the Medical Research Council. 

47 ' 
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Tliis test is similar to that for penicDlia sensitivity except that the unknown 
quantity is now the concentration of penicUiin and the Oxford staphylococcus 

Table I 


Example of test for penicillin sensitivity 


Organism 

PenicUiin concentration in units pet 50 c.c. 

IG 

8 

4 

2 

1 



4 

Control 

Oxford staphylococcus 

1 

— 

- 

- 

— 

-i- 

+ 

+ 

-f 

Staphylococcus aureus I 

B 

4- 

-h 

~h 

+ 

+ 

+ 

+ 

4* 

Staphylococcus aureus II . 

B 

B 

— 

— 

— 

— 

— 

+ 

4- 


Result : — Staphylococcus 1 is 16 times more resistant to penicillin than the 
Oxford staphylococcus. 

Staphylococcus H is 4 times more sensitive to penicillin than the 
Oxford staphylococcus. 


is used as a standard (table H). If there is any question of contamination in 
the fluid to he tested, as in pus, this method requires modification so that the 
test organism can he easily distinguished in reading the result. This is done 

Table n 

Test for penicillin content of serum 


Dilution of serum 

■ 


■ 

1 : 8 

1 : 16 

1:32 

Control 

Growth of Oxford staphylococcus 
at 18 hours 

i 

■ 

1 

■ 

+ 

+ 

+ 


Result ; — Senun inhibits growth of the Oxford staphylococcus in a dilution of 1 : 8. 


by inoculating the tubes with one drop of a 1 : 600,000 dilution of an over- 
night cultme of the test organism, adding 0-6 c.c. of 2 per cent, nutrient agar 
to each tube and sloping before incubation. The test organisms then appear 
as nmnerous discrete colonies which are readily distinguished from any growth 
arising from bacteria already present in the fluid for assay. 


Cultivation of bacteria from fluids containing high concentrations of penicillin 

Wo have frequently obtained cultinres of penicillin-sensitive bacteria by 
straightforward plating from abscess fluids containing high concentrations of 
penicillin, as is shown in fig. 2. We have also obtained profuse growths of 
staphylococci from breast abscesses in which the abscess fluid was bacteriostatic 
in dilutions of 1 ; 1000, 1 : 4000 and 1 : 8000. The presence of penicillin, 
however, was demonstrated by a zone of inhibition where the inoculmn first 
touched the plate. Our experience would therefore indicate that in these 
fluids the amoimt of penicillin present is not as a rule sufficient to necessitate 
any special measure to destroy it, such as the use of penicillinase (Abraham 
and Chain, 1940 ; Harper, 1943 ; Duthie, 1944). 
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Results 

Penicillin sensitivity tests 

Staphylococcus aureus. TUo sensitivity of 167 coagulase- 
positive strains of Staphylococcus aureus is shown in the form of a 
distribution curve in fig. 1. The peak of the curve corresponds to 
79 strains of staphylococci that were equal in sensitivity to the 
Oxford staphylococcus, but it will bo noted that the curve is skew, 
since most of the remaining staphylococci were more resistant. In 
fact, only one strain was as much as 8 times more sensitive than the 

Percent 



Units of penicillin per SO cc required to inhibit growth 

Fio. 1. — ^Distribution curse of the pemeUlm sensitivity of 167 cooguloae positn o 
strains of Staphylococcus aureiw The peak of the curve corresponds to 60 per cent, 
of tho strains ^vluch nro equal in sensitivity to the Oxford staphylococcus, being 
oomplotoly inhibited by a concentration of 1 unit of pomciUm in 60 o c> of peptone 
broth. 

Oxford staphylococcus, whereas four were 04 times, and one more 
than 600 tunes more resistant. 

These tests on Staphylococcus aureus have afforded a useful means 
of’ gauging tho sensitivity of other types of bacteria, as is shown in 
table ni. So far wo have regarded those bacteria which come within 
the range of 4 times more or 4 times less sensitive than tho Oxford 
staphylococcus as being of average sensitivity and capable of respond- 
ing normally to penioUlin treatment. On tliis basis 90 per cent, of tho 
strains of Staphylococcus aureus were of average sensitivity, only one 
was highly sensitive, and 9 per cent, were relatively resistant. 

Streptococci and other organisms. Most of tlie 33 yS-htemolytic 
strains were 2-4 times more sensitive than the Oxford staphylococcus 

joens. or r.TB— yoL. ivu n 
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and 7 were highly sensitive ; the non-hsemolytic and viridans strains 
were on the whole more resistant. The 7 strains of pneumococci tested, 
including strains of types III and VII, were aU sensitive, whereas of 
8 diphtheroid organisms 4 were resistant. 


Tabus in 

Penicillin sensitivities of bacteria isolated from cases 
proposed for penicillin treatment 


Organism 

No, of strains 
tested 

HIgWy 

sensitive 

mm 

Less sensitive 

Staphylococcus aureus 


1 

141 


Staphylococcus albus . 


0 

10 


Streptococcus pyogenes 


7 

25 - 


Streptococcus viridans 

6 

0 

4 

2 

Non-liremolytic streptococci 

17 

4 

7 , 

6 

Pnoumococcus . 

7 

0 

7 

0 

Diphtheroid organisms 

8 

0 

4 

4 

Actinomyces, human strains 

10 

0 

0 

4 

Actinomyces, bovine strains 

3 

0 

0 

3 


Highly Bonsitivo = more than 4 times more sensitive than the Oxford staphylococcus. 
Sensitive = from 4 times more sensitive to 4 times less sensitive than the 

Oxford staphylococcus. 

Less sensitive = more than 4 times less sensitive than the Oxford staphylococcus. 

Actinomyces. We have also included the results of our sensitivity 
tests on 10 strains of actinomyces isolated from human cases of actino- 
mycosis. These human strains can be differentiated by their cultural 
characters and fermentation reactions into two groups. These groups 
also differ in their sensitivity to penicdlin, one being 2-4 times more 
sensitive than the other but all have been within a range capable 
of being controlled by penicillin therapy. We have also tested 3 old 
laboratory" strains originally derived from cattle infections. Their 
relationsliip to the human types is not yet quite clear but they all 
appear to be much more resistant. 

• Penicillin estimations 
Penicillin content ot blood serum 

After intramnscnlar injection. A number of estimations were 
made on the blood of patients undergoing treatment by 3-hourly 
intramuscular injections. IMost of these were made J hour and hours 
after the injection of 10,000 or 20,000 units in adult subjects : the 
results are sho-wm in table IV. As would be expected the bacteriostatic 
dilution of the serum is in general much lugher a quarter of an hour 
after injections of 20,000 units than after injections of 10,000 imits. 

^ On the other hand, the blood levels at the end of 2|- hours are much 
the same with both doses. It would thus appear that the bacteriostatic 
level falls off much more rapidly with the larger dose. How rapid this 
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fall can lie has boon shown in one case where the standard bnctoriostatio 
dilution was 1 : 32 at 20 minutes and fell to 1 : 4 in the next 10 minutes. 

Table IV 


Inhibitory power oj sera expressed as dilutions ajter 
intramuscular injections of penicillin 


Interval alter 
injection 

Penicillin doso 

Number oraamplcs having Inhibitory powers of 



1:2 

1:1 

<i:l 

iht. 

20,000 

11 

4 

0 

0 

0 


10,000 

o 

4 

1 

0 


2J lire. 

30,000 

0 

3 

3 

8 

2 


10,000 

0 

1 

2 

4 



It is to he noted, however, that the bacteriostatic level of the undiluted 
serum fell short of complete inhibition of the Oxford staphylococcus 
in only 4 out of the 25 samples taken at the end of the 3-hour 
injection period. It may therefore be coneludcd that this method of 
aiuinistration maintains a bacteriostatic level in the blood throughout 
treatment besides giving high concentrations for a period after each 
injection. 

During administration by intramuscular drip. Kopeated estima- 
tions have also been made of the penicillin content of the sera of 
patients during the administration of penicillin by intramuscular drip. 
The dosage rates per 24 hours were 240,000 units in one patient and 
120,000 units in five. As is shown in table V a standard bacteriostatic 


Table V 

Inhibitory power of sera expressed as dilutions during 
administration by intramuscular drip 



Number of sarorles having Inhibitory pouers of 

SI hrs. <uaits) 

1 : 8 - 1:4 

1:2 

1:1 

< 1:1 

240,000 

2 

3 

o 

0 


1 

13 

7 

1 


titre of 1 : 2 was exceeded in only 3 of 29 samples. The dosage levels 
used here correspond to 15,000 and 30,000 units every 3 hours and 
are therefore of the same order as those in table W. A comparison of 
the results shows that the intramuscular drip method maintains a 
slightly higher bacteriostatic level than that usually present 3 .hours 
after a single intramuscular injection at the same dosage rate, but it 
has the disadvantage of not providing the higher, although temporary, 
penicillin levels characteristic of intermittent intramuscular injection. 
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Penicillin content of empyemata 

The standard bacteriostatic dilutions of empyema fluids made 
during the a dminis tration of 20,000 units of penicillin intramuscularly 
every 3 hours ranged from 1 : 2 to 1 : 8, showing that some penetration 
of penicillin was obtained. 

In 0 cases of empyema where treatment was controlled by 
estimations of the penicUlin content of the aspirated fluid at various 
inteiwals after injections of penicillin directly into the infected cavity, 
a tendency towards increasing absorption was noted during resolution. 
The findings in a case of chronic empyema infected with Staphylococcus 
aureus are shown in fig. 2. In the first place it will be noted that the 



in jected units units units units 

Cultures ++ + + + + + — — 

Fig. 2. — Penicillin content and disappearance of Staphylococcus aureus in an empyema 
after repeated aspiration and injection of penicillin. 

presence of penic illin can be detected up to 5 days after it has been 
injected, so that penicillin would appear to be reasonably stable rmder 
these conditions. It is also to be noted that the penicillih content 
of the fluid fell off much more rapidly after the later injections and 
that this increase in the absorption of penic illin was associated with 
a gradual diminution and final disappearance of the infecting organism. 
The increasing rate of absorption of the penic illin would therefore 
appear to be due to the clearing up of the infection which would 
provide new channels for absorption. 

The influence of the state of the pleural lining was also shown in 
a case of post-influenzal streptococcal bronchopneumonia with an 
acute pleural effusion in which 500 c.c. of slightly turbid fluid was 
aspirated and replaced by 20,000 units of calcium penicillin in 50 c.c. 
of sahne. In this acute case the penicillin was so rapidly absorbed 
that two days later its presence could not be detected even in the 
undiluted fluid. 
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Penicillin content ol pus irom abscesses 

Estimations were made of tho penioillin content of tho pus from 
abscesses -whiob -were treated by repeated aspiration and the injection 
of calcium penicillin into tho infected cavity. In abscesses which 
had developed in association with osteomyelitic lesions the replace- 
ment of -10-15 c.o. of pus by 1-4 o.c. of saline containing 1000 units 
of penicillin was followed 24 hours later by standard bacteriostatic 
dilutions of the fluid varying from 1 : 32 to 1 ; 256, showing that the 
dosage of penicillin was adequate. In breast abscesses injections of 
10,000-20,000 units of penicillin in 10-16 c.o. of saline on alternate 
days were followed 2 days later by bacteriostatic dilutions varying 
from 1 ; 16 to 1 : 130,000. Tlie variability of the rate of absorption 
of penicillin from these abscesses would appear to be due largely to 
the state of tho wall of tho abscess, as has already been discussed in 
relation to empyema. 


Penicillin content of cerebrospinal fluid 

It has already been shown by Fleming (1043) that there is little 
interchange of penioillin between tho blood-stream and the corobro- 
spinal fluid. We have confirmed this on a diagnostic lumbar puncture 
fluid which had a bacteriostatic dilution 16 times less than the blood 
serum 30 minutes after an intramuscular injection of 20,000 units of 
penicillin. Wo wore, however, able to obtain some evidence that the 
disappearance of penioillin from the cerebrospinal fluid is altered 
during infection. In 2 cases of pneumococcal meningitis which were 
treated with daily intrathecal injections of 5000 and 10,000 units of 
penioillin respectively, tho fluid, at first turbid, cleared up in 2 to 3 
days. Twenty-four hours after tho first 2 daily injections, penicillin 
could be detected in the cerebrospinal fluid only by the use of a highly 
sensitive test organism, but after tho third injection the standard 
bacteriostatic dilutions of tho cerebrospinal fluids wore 1 ; 10 and 
1 ; 64 after doses of 6000 and 10,000 units respectively, showing that 
the amount of penioillin retained after 24 hours had increased by 32 
and 16 times. This increased retention is most probably related to 
resolution, lending to restoration of the normal barrier between the 
blood and the cerebrospinal fluid. 


Effect of treatment on infecting organisms 

Systemic treatment. Tho efiect of penicillin on tho infecting 
organism in a number of oases is briefly summarised in table VI, 
which includes only completed cases whore it was possible to obtain 
repeated specimens for examination. There is considerable variation 
in tho rate of disappearance of tho infecting organisms, which tend 
to persist longer in devitalised and necrotic tissue associated with 

JOURIf. or TATU.— ‘TOl. IVII D 2 
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carbuncles and bone infections, and in the sputvnn of pulmonary- 
cases. In some cases, especially lung infections, these persistent 
orgam’sms appear to be saprophytic and have no unfavourable influence 
on the recovery of the patient, as is indicated in table VI, where it is 

Tabii! VI 


Bacteriological findings in 32 treated cases 


Infecting organtan and tj-po of 

Number 

Disappearance of 
infecting organisms 

Treatment 

Secondary 

Infection 

of cases 

^vithin 
7 days 

in 7-14 
days 

after 
14 days 

failed 

infections 

Staph, aureus 

Osteomyelitis . 

8 

1 

2 

5 

4 

5 

Bronchopneumonia . 

3 

1 

0 

2 

0 

0 

Soft tissue infootiona 

12 

7 

2 

3 

1 

5 

Strep, pyogenes 







Osteomyelitis . 


2 

0 

0 

0 

0 

Bronchopneumonia . 


1 

0 

1 

1 

0 

Superficial infections 


1 

0 

0 

0 

0 

Strep, viridans 







Osteomyelitis . 

2 

0 

0 

2 

2 

1 

Staph, aurexis and Strep, 
pyogenes 







Superficial infections 

2 

1 

1 

0 

0 

1 

Totals 

32 

14 

6 

13 

8 

12 


shown that in 5 cases treatment succeeded in spite of the persistence 
of the infecting organism. The persistence of organisms in a case 
which is apparently doing well should not therefore be always 
regarded as a discouraging sign in penicillin therapy. 

The 12 secondary infections noted in table VI can be attributed 
to the fact that many of the lesions were of the tj’pe in which secondary 
infections occur with great readiness, even when stringent precautions 
are taken. These secondary infections, however, were all superficial, 
being confined to sinface lesions or occurring in relation to drainage 
tubes, and all were successfully treated by appropriate antiseptic 
measures. 

Development of resistant organisms dxiring systemic treatment. An 
increase in the resistance of the infecting organism to penicillin was 
detected in only 5 cases. In 2 cases of staphylococcal osteomyelitis 
and in one of jS-hajmolytic streptococcal empyema the infecting 
organisms withstood 4 times more penicillin at intervals of 6, 11 and 
20 days respectively after treatment commenced. The organisms 
however were still mthin the range of average sensiti^^ty and their 
increased resistance did not appear to have any unfavoiirable influence 
on the recovery of the patient. In the 4th case, one of staphylococcal 
endocarditis -ndth a fatal outcome, an 8-fold increase in resistance was 
























BACTEBIOLOaiOAL ASPECTS OF PENICILLIN THERAPY BS 


found on the 16th day of treatment. In the 5th case, a staphylococcal 
cavernous sinus thrombosis, a 4-fold increase in resistance was detected 
following a course at the usual level of 20,000 units per 3 hours. The 
patient was then put on double dosage with good clinical residt, but 
a further examination of the organisms a week later showed a 16-fold 
increase. I’rom this case it is evident that if the penicillin content of 
the blood can bo raised sufficiently, infections by relatively resistant 
organisms can be overcome. 


Penicillin oint/nent 

A few early eases were treated locally with a penicillin ointment 
consisting of a lanette wax base containing 250 units of penicillin 
per gramme. It was, however, suspected that the residts were not 
commensurate with the amount of penicillin used and investigation 
showed that only a small proportion of penicillin could bo expected to 
diffuse into the infected area. Thus in a series of test-tube experiments 
designed to show how luuoh penicillin would diffuse from the ointment 
into water or plasma at body temperature, it was found that only a 
minimal amount diffused out daring the first few minutes and none 
thereafter. Further experiments with proflavine or sulphonamides 
in this ointment base gave similar results and it became apparent that 
continuous diffusion of a solute from such an emulsion could not be 
readily obtained. The use of penicillin ointment was therefore dis- 
continued at an early stage and since then penicillin has been applied 
only as a solution or as a powder diluted in a sxilphonamide to give a 
concentration of 5000 imits per gramme. 

Discussion 

Our sensitivity tests on Staphylococcus aurens have shown that 
90 per cent, of the strains met with in these investigations wore of a 
sensitivity within the range of 4 times more and 4 times less than 
the Oxford staphylococcus. Only 9 per cent, were relatively resistant 
and probably would not have responded to treatment with small 
doses of penicillin. Variations in sensitivity were also found in other 
organisms, and it is evident that there is a certain proportion of 
comparatreely resistant strains in those groups of bacteria which 
arc generally sensitive to penicillin. This fact must bo borne in mind 
in the selection of cases for treatment and in assessing dosage. If the 
infecting organism in a particular case is highly resistant, it is probable 
tliat penicillin treatment would bo ineffectual, but if the degree of 
resistance is only moderate the patient would probably respond to 
a dosage of penicillin higher than that usually administered. 

An increase in the resistance of the infecting organism to the 
action of penicillin was detected in only 5 cases. The degree of 
resistance developed was sufficient to allow the organism to with- 
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stand concentrations of penicillin up to 16 times greater than at 
the commencement of treatment but this development of resistance 
can usually be overcome by adequate dosage. The ease rvith which 
resistance to penicillin can be induced in bacteria has already been 
demonstrated in vitro by Abraham et al. (1941), Rammelkamp and 
jMaxon (1942) and McIntosh and Selbie (1943), and indicates the 
necessity of employing maximal doses at the outset to produce an 
immediate result. 

The most efficient method of administering penicillin is still a 
matter for discussion and apparently is dependent mainl}'- on its rapid 
elimination by the kidneys. The failure to get a high blood titre 
with the intramuscular drip is a problem which is not fully under- 
stood and may be dependent on a number of factors, some of which 
w^e may be able to overcome. One unfavourable factor which can 
be readily avoided is the destructive action on penicillin of some 
samples of rubber tubing which, in our experience, may cause a 
16-fold drop in the activity of penicillin solutions in 24 hours. How- 
ever, where a high blood content is required it is necessary to give 
the penicillin in large doses by intramuscular injections. We admit 
that these high levels are only temporary, but it would appear that 
they are capable of (a) penetrating into closed cavities, and (6) over- 
coming resistant organisms as in the case where a 16-fold increase 
in resistance occurred during treatment. 

Absorption of injected penicillin from abscesses or empyemata 
depends mainly on the state of the wall of the cavity. Where there 
is a thick wall of granulation tissue the penicillin is not rapidly 
absorbed, while in an acute serous effusion it disappears with great 
rapidity. With resolution of the more chronic conditions penicillin 
disappears much more rapidly. On the other hand, absorption of 
penicillin firom the cerebrospinal fluid is greatly increased by the 
presence of an inflammatory process in the meninges. 

A completely satisfactory vehicle for the local administration of 
penicillin is a pressing need, as it would appear that the release of 
penicillin from oily or fatty veliicles is difficult, making tliis an 
uneconomical method of use. 

It has been noted in several cases undergoing treatment that a 
rapid amelioration in the patient’s condition with a fall in the leucocjde 
count does not coincide with the disappearance of the bacteria. There 
is no dramatic disappearance of the infecting organism as in the 
arsenical treatment of sjqiliilis, but in some w’ay penicillin affects 
the host-parasite relationship to the great benefit of the patient, 
as though it had rendered the bacteria avirulent and allowed full 
play to the natural defences of the body. We have been investigating 
this mechanism but are unable to demonstrate that penicillin has any 
direct stimulating effect on the formation of antibodies. 

We have frequently isolated bacteria from the neighbourhood of 
the lesion at considerable intervals after apparent cure. These may 
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represent a recrudescence of the primary organism or perhaps a 
re-infeotion by another strain. This typo of recurrence is mainly 
noticeable rvith staphylococci, but until staphylococci can bo typed 
we are unable to determine their origin. 

In view of the fact that penicillin is ineffective against P$. 
pyocyanea, Proteus and the coliform organisms, secondary infections 
by the Gram-negative bacilli have to bo guarded against by careful 
technique in the treatment of open wounds. Infection in these oases, 
however, was mild and superficial and usually responded readily 
to wound antiseptics, especially sulphathiazole-proflavine powder 
(McIntosh et al., 1944). 

StJMMAKy 

A series of infections specially selected for penicillin treatment 
has been investigated from the bacteriological aspect. 

StapJiylococcus aureus is in the great majority of cases sensitive to 
penicillin but considerable variation was shown in the degree of 
sensitivity : 15 out of 167 strains tested were at least 8 times less 
sensitive than the standard strain. Streptococcus pyogenes and pneumo- 
cocci were usually sensitive and showed only minor degrees of variation 
in susceptibility. The non-hamolytic streptococci were of varying 
sensitivity, some showing considerable resistance. The 10 strains of 
actinomyces tested were somewhat less sensitive than the Oxford 
staphylococcus but the majority were within the therapeutic range 
of penioillin. 

Observations on penicillin blood levels during therapy would 
indicate that a dosage of 20,000 units given intramuscularly every 
3 hours will maintain a bacteriostatic concentration in the blood 
and tissues sufficient to deal with all types of sensitive organisms 
likely to be encountered. 

The penetration of penicillin from the blood into cavities and in 
particular the subarachnoid spaces (cerebrospinal fluid) is at times 
insufficient and has to be supplemented by direct injection. 

A good indication of improvement in those pyogenic infections is 
a diminution in the blood leucocyte count. 

The rate of disappearance of the micro-organisms depends largely 
on the nature of the lesion. In simple acute infections they disappear 
as a rule in a few days but persist longer in deep foci and in areas of 
devitalised or necrotic tissue. This persistence is especially character- 
istic of lung infections, where they appear to be living a purely 
saprophytic existence. 

Secondary invasion by penicillin-insensitive organisms is liable 
to occur, especially in severe wounds sustained in battle or air-raids. 
The necessity of vigorous counter-measures against such micro- 
organisms oarmot be too strongly emphasised. 

The development of resistance to the drug by the infecting micro- 
organism during treatment was observed in a small number of instances. 
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Our observations confirm the outstanding value of penicillin as an 
antibacterial chemotherapeutic agent. 

We -svisti to thank Dr B. H. M. Robinson for his help in the bacteriological 
control of cases treated in the Sector. 
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THE IN-VITRO DETERMINATION OF THE 
SULPHONAMIDE SENSITIVITY OF BACTERIA 

G. J. Harper and W. C. Cawston * 

From the Wound Infection and Bums Units, 

Birmingham Accident Hospital 

(Plate XU) 

It is often desirable to determine whether an organism responsible 
for an infection is sensitive or resistant to sulpbonamides. The 
methods commonly in use for this purpose are : (1) the ditch plate 
(Fleming, 1940-41 ; Colebrook and Francis, 1941), (2) the streak 
plate (Medical Research Council War Memo. no. 10, 1943), (3) tests 
carried out in broth, serum broth, and peptone water (Lowell, Straus 
and Finland, 1940-41), (4) tests carried out in blood, with subcultiva- 
tion to determine the end-point, (6) tests carried out in blood, rising 
haemolysis as the indicator of growth. In our experience each of ' 
these methods has disadvantages which are noted below'. 

1, The ditch plate* (a) Although this method offers a strilung demonstration 
of the difference between sensitive and resistant strains, it does not serve so 
well as a quantitative test because the sulphonamide concentration actmg 
on the bacteria is unknown and is, m fact, constantly changing as the drug 
diffuses out of the ditch. Cliemical estimations of the sulphonamide m strips 
of agar cut out from such plates at intervals after preparation have been mode 
by Fuller and by Bowers (personal communications to Dr Colebrook), and 
also bj Miss Semeonoff working m this laboratory. They show (fig. 1) that 
the sulphonamide concentration in the ditch falls rapidly during the fi^rst 
24 hours and then more slowly , simultaneously the concentration in the 
peripheral parts of the plate rises In consequence of this changing gradient 
It happens that bacteria which are just inhibited at, say, 2 cm. from the ditch 
durmg the first 24 liours’ mcubation are exposed to a lower concentration of 
sulphonamide on the second daj*’ and may grow sufficiently to form colonies 
nearer to the ditch. In such cases tho ditch test does not give a clear index 
of sensitiMty. Examples of this aro shown m table I (strains 1, 2 and 3). Tins 
table gi\ es further evidence of the change m sulphonamide concentration. Wlien 
the other side of tho same plate was seeded with the same strains at 24 hours, 

7 e- V hen the sulphamlamide concentration m tho ditch had fallen and that m 
the peripheral parts of the plate had risen, tho more resistant strams (1 and 2) 
grew right up to the ditch , the more sensitive strains (4 and G) showed an 
inJubitorj' zone wider than Mith the initial seedmg. 


sO 


• Both working for the Medical Research Council. 
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shown by Fuller, Colebrook and Maxted (1939), and this probably explains 
our findings with different bloods. 

Investigation 

The object of this investigation was to find a method suitable for 
routine use which fulfilled the following conditions : (1) the results 
obtained to be clear-cut, (2) the sulphonamide concentration- to which 
the bacteria are exposed to be known and, constant, (3) the technique 
to be simple and rapid, (4) the method to be applicable to most of the 
common pathogens. 

A solid medium containing a known concentration of sulphonamide 
and taking the presence or absence of growth from small inocula as 
the criterion of sensitivity seemed likely to meet these requirements 
if a medium free from sulphonamide-antagonising substances could 
be found. Colebrook and Francis recognised that this condition was 
essential for the ditch plate method and recommended the selection 
of suitable batches of agar by trial and error, using known sensitive 
and resistant strains as indicators. All the nutrient media we have 
tested contained siilphonamide-antagonising substances, which were 
neutralised after adding horse blood and incubating the mixture 
for at least a few hours. The necessity for the period of incubation 
was overlooked by Colebrook and Francis owing to the fact that they 
set aside plates prepared for ditch testing (usually overnight) to 
allow diffusion of sulphonamide from the ditch. 

The presence of sulphonamide antagoniser in nutrient agar and its 
neutralisation by horse blood were demonstrated by the following 
experiment. An agar plate containing 6 mg. per 100 c.c. sulphathiazole 
and 5 per cent, horse blood was poured, dried for .30 minutes at 
37° C. and immediately inoculated with known sensitive and resistant 
strains oi ■Staph, aureus. Next day the same strains were inoculated 
on the other half of the same plate, which was then reincubated. 
The strains planted immediately after pouring all grew well in spite 
of the sulphathiazole present ; of those planted 24 hours after 
pouring only the resistant strains grew. When the experiment was 
repeated with a plate made from the same agar, but containing no 
horse blood, the sulphathiazole failed to inliibit the sensitive strains 
even after keeping the plate for 24 hours at 37° C. (fig. 2). These 
results indicate that some factor present in horse blood neutrahses 
the sulphonamide-antagonising substances present in nutrient agar 
and that the action is relatively slow. The neutrafisation is more 
rapid at incubator temperature than at room temperature or in the 
refrigerator. The mechanism of the process remains obscure but 
further investigation has brought to light the following facts. (1) 
Horse blood is the only blood -tested which has sho-vm neutralising 
powers ; human, rabbit and sheep bloods have none. (2) The 
neutralising factor of horse blood is confined to the red cells and acts 
more readily after lysis of the cells. Fresh whole horse blood (less 
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Plate XII 


SuLTiroNAAriDi: sensituitv of nACTrniA 



Flo. 2. — Neutrahaivtioo of RulphOttainide tvntngoniaer m ognr by mcubatjon of medium 
m presence of horse blood. 

Leji Xiitnont ngnr plate containing 5 mg. per 100 c c. of sulphnthmzole. 

HxqH Nutrient ngnr pinte contnmmg .5 mg per 100 c c. of sulphntJuazoIo phis o per 
cent, of horse blood 

Left Imlf of each plate inoculated Mith 0 strains of Staph. aurtuB immediately after 
pouring, right half inoculated after 24 Jiours’ incubation at 37® C The top 
tuo strains on cacli half of the plates are sulplmtlunzole.rcsistant controls. 



Tia 3 — Routine oensitivity test with Staph ourcic? (6 alrains) and sulphatluazole 

Le/t ‘ Control plate containing no drug. 

Ccntie : Pinto oontaming 1 mg. per 100 c.e. sulphnthinzole. 
fi'ffht : „ 5 „ „ „ 

The upper strams on each plate were resistant, tho middle strains partiolly resistant, 
the loner strains sensitive, 
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than 4 days old) neutralises the antagoniser only after lysis ; old 
blood, kept in the refirigerator for 2-3 weeks, which has already 
undergone some degree of haemolysis and in which the intact red cells 
are doubtless more easily lysed, works well. (3) Both defibrinated 
and osalated blood are suitable. 

Twenty batches of agar (12 of meat infusion, 5 of meat digest, 
2 of lemeo and 1 of casein-yeast agar) and 3 of nutrient broth, 
prepared in 9 different laboratories, and 4 samples of peptone, were 
tested for the presence of sulphonamide antagoniser. It was found 
in all. The amount present in each of a number of batches of agar 
medium was determined by incorporating varying quantities of lysed 
horse red cell solution in sulphonamide plates prepared from it and 
noting the smallest concentration that allowed growth inhibition of 
a sensitive bacterium. The results are shown in table II alofag with 

Tabij: H 

Concentraiiona of lysed horse red cell solution necessary to neutralise sulphonamide 
(S) antagoniser in nutrient agar and peptone water containing 10 rng. 
sulphanilamide per 100 c.c. 


Batch no. 

Medium 

Percentace of horse 

red cell solution required 
for neutralUatlon of 

S antagoniser 

1 

Moat digest agar 

2'0 

o 

M »» ** 

2-0 

3 

Meat infusion agar 

1‘0 

4 

0-5 

6 

Casein-yeast agar 

1-0 

6 

Lemeo agar 

2 0 

7 

Commercial peptone I 

2-0 

8 

„ » n 

O-6-l'O 

9 

» ni 

4-0 

10 

„ » IV 

4-0 


those of the 4 samples of peptone examined. With these nutrient 
media 4 per cent, or less of lysed horse blood was sufficient to neutralise 
the antagoniser ; with 3 botches of agar, not shown in table II, it 
proved more difficult to neutraUse. 

The antagoniser could be removed from nutrient broth by adding 
the appropriate amount of lysed horse cell solution (usually 5 per cent., 
but determined by titration with the medium used), incubating the 
mixture overnight at 37° C. and coagulating the blood proteins by 
steaming for 30 minutes ; the resulting precipitate was removed by 
filtration. For routine testing it is not necessary-to clear media of 
antagoniser in tliis manner ; the addition of lysed blood at the time 
of preparing the plates or slopes effectively neutrah'ses the antagonising 
acth-ity of the medium. That the antagoniser present in nutrient 
agar is not derived from the agar itself was shown by rendering 
nutrient broth antagoniser-freo by the above method and preparing 
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solid media fi:om it by the addition of agar. Plates so prepared 
showed no antisulpbonamide activity. 

That the sulphonamide antagoniser present in culture media was 
not p-aminobenzoic acid was shown by Macleod (1940) ; and -rffe , 
found that p-aminobenzoic acid was just as active in the presence 
of lysed horse red cells as in an antagoniser-free medium. 

The 3 batches of nutrient agar referred to above, in which the 
antagoniser was not readily neutralised, were further investigated. 
Two of these agars (prepared in the same laboratory) were mixed with 
25 per cent, lysed cell solution and after 3 days’ incubation the blood 
proteins were removed. Some antisulpbonamide activity was still 
present but was effectively neutralised by the addition of a further 
'5 per cent, of lysed cell solution at the time the plates were poured. 
The third batch of agar was more easily cleared of antagoniser ; the 
addition of 10 per cent, lysed blood and 2 days’ incubation before 
removing the blood proteins rendered it suitable for sulphonamide 
sensitivity tests. This indicates that these batches of agar contained 
either much more antagoniser than was found in the other samples 
tested or another type of antagoniser which was more difficult to 
neutralise. 


Suggested routine procedure for sulphonamide sensitivity tests 

The method finally adopted was the comparison of growth of the 
strain to be tested on a series of plates or slopes containing known 
concentrations of the drug. It is more laborious than the ditch plate 
method, but there is no other simple method of avoiding the fallacies 
of the ditch plate. The medium used is first cleared of sulphonamide 
antagonisers by treatment with lysed horse blood. 

Control strains. Tor the titration of media and for controlling 
routine tests it is necessary to have strains of known sensitive, resistant 
and partially resistant bacteria. 

Preparation of lysed horse red cell solution. The solution is 
prepared by replacing the plasma or serum from oxalated or 
defibrinated horsd blood with sterile water and freezing sohd over- 
night. If complete lysis is not achieved the blood can be returned 
to the freezing chamber for a further 24 hours. The solution appears 
to keep indefinitely in the refrigerator. 

Titration of agar. To 10-ml. quantities of melted agar containing 
10 mg. per 100 c.c. of sulphanilamide increasing quantities (0-25- 
8 per cent.) of lysed cell solution are added ; plates are poured, dried 
off for 30 minutes and inoculated with the control strains of known 
sensitivity. The lowest concentration of lysed cell solution which 
allows the sulphanilamide to inhibit the growth of the sensitive and 
partially resistant strains, wliile the. frilly resistant strains grow, is 
the amount needed to make the agar suitable for immediate use. 
With most agars which we have tested the concentration required was 
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less than 5 per cent., hut it is advisable to have at least this con- 
centration present in plates used for routine testing to ensure a good 
growth of fastidious organisms. 

Concentrations of sulphonamide. The concentrations wo have 
used for testing the pyogenic cocci cover the range most commonly 
found in the blood stream during sulplionamido therapy, namely 
2 and 10 mg. per 100 c.c. of sulphanilamido and 1 and 5 mg. per 
100 0 . 0 . of sulphatliiazole. Strains which are inhibited by both 
concentrations are rated as sensitive, those shelving growth only 
in the presence of the lower concentration ns partially resistant and 
those growing on all plates ns resistant. 

Preparation of plates and slopes. These are easily poured from 
stock bottles of sulphonamide agar. The sulphonamide agar is best 
prepared by adding the appropriate amount of a strong aqueous 
solution of the drug to the melted agar. The practice of adding the 
dry powder to the agar is not recommended, ns it is difficult to ensure 
complete solution and oven distribution. To the sulphonamide agar 
so prepared the lysed cell solution is added, mixed weU and the plates 
poured. In laboratories where the testing of cultures for sensitivity 
is only carried out occasionally the use of plates is wasteful and the 
testing can bo carried out satisfactorily on slopes prepared in J oz. 
screw-capped bottles. These slopes can be stored in the refrigerator 
for long periods. 

Cultures for testing. The organism under test is grown overnight 
in an appropriate fluid medium — broth, serum broth or peptone water 
— and diluted 1 : 1000 in 10 per cent, broth-saline. One 2-mm. 
loopful of this diluted oulture is rubbed over a section of the plate 
or on a slope. Control plates or slopes containing no drug should 
be included in all tests to ensure that growth takes place from the 
inoculum used (fig. 3). 

This method has been used for the testing of the pyogenic cocci, 
a few strains of pneumococci, coliform organisms and Clostridia * 
with various sulphonamides and has given clear-cut, easily read 
results. Complete agreement was obtained when 22 strains of 
Strep, pyogenes and 26 strains of Staph, aureus were tested by the 
lysed blood plate and by cultivation in heated human blood plus 
sulphonamide, with subsequent cxplanting. 

The advantages of the method described are as follows. (1) The 
technique is simple and the results obtained are clear-cut. (2) The 
concentration of the drug acting on the bacteria is known and 
constant. (3) The plates and slopes can be kept ready for use. (4) 
The method is suitable for a wide range of organisms. (S) Eesults 
are obtained in 24 hovirs. (6) The agar plate technique is suitable 
for determining the sensitivity of bacteria to other chemotherapeutic 


* To prevent ovorgrorvfli of the whole pinto by sprendmg Clostridin, the ngnr 
won (hvided by mcann of ditches into nii segments and one atram seeded on oacli. 
Joens. OT jATn— vot xvn ^ 
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drugs, e.g, penicillin, propamidine and sulphone V. 187. The addition 
of lysed blood is not necessary with these drugs since they are not 
antagonised by substances in the medium. 

Summary 

Most nutrient culture media contain sulphonamide-antagonising 
substances which complicate the in-vitro determination of sulphon- 
amide sensitivity of bacteria. These substances can be neutralised 
by a factor present in the red blood cells of the horse, but not in 
human, rabbit or sheep cells. The nature both of the antagonisers 
and of the neutralising factor is unknown. 

The addition of lysed horse blood to nutrient agar containing 
Bulphonamide provides a solid medium wliich is stable and gives 
unequivocal evidence of sensitivity to known concentrations of 
Bulphonamide, 

We are greatly indebted to Dr Leonard Colebrook for allowing us to quote 
the results of his experiments witli the capillary method. We also wish to 
express our sincere thanlcs both to him and to Dr R. E. O. Williams for their 
interest, advice and valuable criticism. We are indebted to the directors of 
the various laboratories that have sent samples of media for this investigation. 
The photographs are the work of the hospital photographic department. 


REFERENCES 


Colebrook, L., aiw Francis, 

A. E. 

Flemino, a , 


Fuller, A. T., Colebrook, L., 
AND Maxted, W. B. 

Lowell, F. C'., Strauss, E., and 
Finland, M. 

' Medical Research Council. 


1941. This Journal, liii, 165. 

1940-41. Proc. Boy. Soc. Med,, xxxiv, 342. 
1943. Lancet, ii, 434. ^ 

1939. This Journal, xlviii, 443, 

1940-41. Ann. Int. Med., xiv, 1001. 

1943. War Memorandum no. 10, The 
medical use of sulphonamides, 
London. 

1940. J. Exp. Med., Ixxii, 217. 


Ti!L&.CUEQV, C. M. 



6i6 — 008 . 87 : 576 . 8 . 095 . 2 

NOTES ON THE EXAIMINATION OF EXUDATES 
FOR PATHOGENIC ANAEROBES 

W. J. Toixocjh 

From the Department of Bacteriology of the University of St Andrews, 
Dundee 

The isolation and differentiation of anaerobes present two difficulties : 
in the first place oidtivation on tbe surface of solid media requires 
complicated apparatus aud is “ trieky ” and time-consuming, and 
secondly the recognition of organisms by their colony characters in 
deep cultures in solid media is not easy. The reason for the first 
of these difficulties is self-evident but the second depends on factors 
which are not appreciated hy many workers. Of these the following 
demand special note, (i) If the conditions of so-called anaerobiosis — 
actually potency of electrons in the medium, referred to as Eh — are 
inadequate, typical colonies do not develop, (ii) The stiffness of 
the agar, as weU as its nutrient properties, is not without influence 
on colony characters. For these reasons great variation in colony 
type may occur and colonies whose form is common to many 
anaerobes — “ colonies en grenade ” or “ colonies on coeur jaune ” 
of Weinberg — ^make recognition of differential characters impossible. 

The following notes describe procedures wliich overcome these 
difficulties to some extent. They may be of special value to those 
who have had but little experience of anaerobes and who are so placed 
that the use of special apparatus is inconvenient. All procedures are 
carried out in the presence of air and the employment of tubes sealed 
vdth vaseline or paraffin is reduced to a minimum — a matter of 
importance to the laboratory technician. No claim is made to 
originality, for the methods used have already been described by 
others, notably Cruickshnnk and MacDonald (1942), and it is only 
their specific application to the study of pathogenic anaerobes that 
is stressed. 


I. Culture in agar plates 

While any good nutrient agar can be used, it is wise for a worker 
when he has accustomed himself to a given medium to adhere to it. 
In the experience of the writer the more satisfactory media are those 
prepared from meat extracts, as colony development is better, 
although Fildes’s COY formula can quite well be used. The setting 
quality of the medium is important and should bo standardised, at 

07 
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least approximately. For this, Jenkins’s (1921) method is employed 
and the jelly should he slightly less stiff than for surface cultures. A 
jeUy of consistency corresponding to one instead of two tubes above 
the “ flopping point ” on Jenkins’s scale i8 optimum. 

Petri plates of 4 cm. diameter and 15 mm. depth are convenient 
and economical, as, when 15 c.c. of agar are poured into them, a 
depth of about' 12 mm. is obtained. If such plates are not available 
trimcated sputum jars with cotton wool plugs can be made to serve 
the purpose, the quantity of agar being reduced according to the 
- diameter of the jars. 

II. Beagenis used to give the required negative -potential to -media 

Many reagents can be used for this, but ordinary ascorbic acid 
tablets, as advised by Cruickshanlc and MacDonald, are useful because 
they are readily available and as sold are usuallj’- sterile. It is only 
necessary, if anaerobic media are needed hurriedly, to crush a tablet 
in a sterile tube with a sterile glass rod arid transfer a loiife point of 
the powder to 10-15 c.c. of medium, but naturally it is better to 
prepare solutions of pure ascorbic acid of suitable strength, sterilise 
by Seitz filtration and store in convenient quantities. Solutions of 
5 per cent, of the tablets can be added in the volume of 0-5 c.c. to 
10 c.c. of medium. In the case of agar the jeUy is melted, cooled to 
45° C. and the requisite quantity of the solution added. 

If great accuracy is required (it is not really necessary) the strength 
of this or other reductant to be used in media can be determined 
thus. Five c.c. quantities of nutrient agar in 6 xi in. tubes containing 
enough methylene blue to give a frank blue tint are melted and 
cooled to 45-50° 0. To these, varying quantities of the reductant are 
added and the tubes set in cold water, after which they are incubated 
at 37° C. After tliree hours’ incubation there should be a sharply 
demarcated line 4 mm. from the surface, the medium being blue 
above and colourless below ; there should be no further change for 
18-24 hours, but by the tliird day the blue layer may have extended 
■ to 6 mm. firom the surface. 

Using ascorbic acid tablet solution as reductant the required range 
will be found to lie between 0-375 and 0-125 c.c. of a 5 per cent, 
solution added to 5 c.c. of medium and for thioglycoUate between 
0-076 and 0-125 c.c. of. a 2-5 per cent, solution. The quantity of 
reductant which gives the effect described is chosen for routine work, 
but with neither of these reductants does a fair excess usually do any 
harm. It must be noted, however, that occasional strains of anaerobes 
do not tolerate thioglycoUate. 

III. Medium for fermentation tests 

Hiss’s serum peptone water (5 c.c. in 6 X | in. tubes) tinted with 
brom cresol purple and containing 1 per cent, of the fermentable 
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substance is used. The reductnnt should be thioglycolJate, as both 
Cl. septiqiie and Cl. muUifermmtans produce acid in presence of 
solutions of ascorbic acid tablets and in absence of other fennentable 
substrate. 


IV. Medium for iron mills and lead acetate tests 

No rcduotant is required for the iron milk medium but it must 
be noted that thioglyooUate, being a sulphur-containing compound, 
tends to discolour media containing salts of iron or lead. For these 
ascorbic acid is used. 


V. Comparison of upper limit of growth of various anaerobes with 
loicer limit of blue colour in uninoculated tubes containing 
methylene blue when ascorbic acid is used as reductant 


An uninoculated tube of agar containing sufficient methylene blue 
to give a definite tint to the medium was incubated along with 
similar tubes that had been seeded ndth different anaerobes, all the 
tubes containing the same quantity of ascorbic acid. This allows 
of comparison between the lower hmit of blue tint in the control 
and the upper limit of growth in the cultures. The results after 
24 hours’ incubation at 37° C. were as follows. 


(i) Depth of blue tint .... 

(ii) Cl. multifermentans upper limit of growth 

(iii) Cl. welchii . „ „ „ „ 

(iv) Cl. sporogenes . „ „ „ 

(v) Cl. septique . „ „ „ „ 

(vi) Cl. cedematiens. „ „ „ „ 


4 mm. from surface 
■> 

“ >> t> 


>1 

4 „ 
4 .. 
4 „ 


The growth of the organisms will itself induce a negative potential 
and, if the tubes are very heavily seeded, the upper limit of growth 
may bo nearer the surface than if the inoculum is small. This is 
important, for unless the reductant maintains an adequate negative 
potential in the medium for a sufficient length of time, then, with a 
light inoculum, growth may not be obtained except in an inconveniently 
deep layer of agar. The maintenance of negative potential can be 
assessed by mixing nutrient agar and methylene blue in suitable 
concentration in presence of ascorbic acid, allowing it to set at once 
and incubating at 37° C, The results are shown in the accompanying 
table. From tliis it is seen that to maintain for five days conditions 
suitable for the growth of exigent anaerobes a depth of over 
9 mm. of medium is required when ascorbic acid is the reductant. 
This should be long enough to allow of the development of those 
anaerobes which are important in pathology. The findings indicate 
that the minimum depth of agar permissible in plates to be used for 
isolation is 12 mm. 


joOT.y. OF mn.— vou Lvn 
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Tabie 

Effect of ascorbic acid on the reduction of methylene blue in agar 
during incubation 


Timo of Incubation 

Depth of blue colour from surface 

With ascorbic acid 

Without ascorbic acid 

3 hours 

4 tom. 

11 mm.* 

24 „ 

4 „ 

20 „ 

2 days 

6 .f 

20 „ 

3 ., 

9 

27 „ 

5 .. 

9 

27 „ 

6 .. 

9 ., 

29 „ 



r 


• Below the blue layer the rest of the medium Is light blue. 


VI. Comparison of growth in shake cultures of anaerobes 
with and without ascorbic acid in the medium 

Tubes of nutrient agar were inoculated with Cl. septique and 
Cl. oedematiens in duplicate, (a) with and (6) without the addition 
of ascorbic acid. The tubes were melted, cooled to 45° C., inoculated 
allowed to set and then incubated. The findings are shown in th 
accompanying figure. It is in zone B that “ grenade ” and “ coeu 


01. septique. 


B 

(H-i mm] 


4mm. 

3 


(o) yvith 
ascorbic acid 


4 mm. 
6 " 

3 - 


(6) without 
ascorbic acid 



01. cedemaiiens. 


(a) with 
ascorbic acid 


IlMk 


(6) without 
ascorbic acid 


Growth of Cl. septique and 01. oedematiens in (a) ascorbic acid agar and (6) plain 
agar at varying depths of shake cultures. A = no growth, B = small colonies, C = very 
large colonies, D = “ normal ” colonies. 


jaune ” colonies, common to many anaerobes, are encountered and 
this zone is much restricted in tubes containing ascorbic acid agar 
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in place of plain agar. From this it will be appreciated that, in 
“ fishing ” colonies in deep agar plates, those near the surface should 
he avoided, and that ascorbic agar plates used to isolate anaerobes 
should he at least 12 mm. deep. 


VII. Soutine procedure for examining wound exudates 

1. Examine exudate microscopically. 

2. Plate unbeated exudate in ascorbic acid agar, using as average 
inoculum one in. loopful in 16 c.c. of nutrient agar containing 
ascorbic acid cooled to 45° 0. Of this, transfer one ^ in. loopful 
to a second 16 c c. of melted ascorbic acid agar and pour both as 
plates in 4 cm. Petri dishes. Incubate as soon as the jelly has 
set. It is advantageous to add human serum to the agar — 10 per cent. 
b3' volume — ^for if Gl. welchii be present, even in minimal numbers, 
the Nagler reaction allows of its detection with ease. The plating 
of unheated exudate should never be omitted, as the number of 
Cl. welchii in the sporulating state may be small. 

3. Repeat (2) above mth exudate heated to 65° C. for 45 minutes 
or 80° C. for 16 minutes. 

4. Using the heated material, inoculate (i) a tube of milk containing 
ascorbic acid and (ii) a tube of Hiss’s serum peptone water containing 
1 per cent, salioin and either ascorbic acid or sodium tliioglycoUate. 
Tube (i) enhances the chance of isolating Cl. welchii, tube (ii) of 
Cl. septique. 

6. Meat broth under vaseline is inoculated with the heated 
material at the same time as procedures 3 and 4 are carried out, so 
that the whole anaerobic fiora may be preserved for future investiga- 
tion if required. 

It should be noted that, up to the present, no simple method has 
been devised for emiohing the content of exudates so far as Cl. tetani 
and Gl. asdematiens are concerned. 


VIII. Colony “fishing” 

To isolate, a characteristic colony, preferably deep in the medium, 
is selected, marked and “ fished ” with a sterile capillary pipette. 
It is then transferred to ascorbic acid broth, meat water under vaseline 
or ordinary broth containing a piece of iron, and incubated forthwith. 


IX. Differentiation 

■ 1. Cl. welchii. Colony discoid and Nagler reaction markedly 
positive. These features, with the morphology of the organism, 
usuallj’ serve to distinguish. 

2. Cl. septique. Colony fluffy without black centre. “ Fish ” 
and inoculate into meat water, sucrose serum peptone water and 
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salicin peptone water. f3ucrose is negative, salicin positive, meat is 
red and there is copious gas production. 

3. Gl. oedematieTis. The general appearance of colonies is lumpy, 
with a spiked edge, and the margins are denser than the centre after 
48 hours. Fermentation tests with glucose, lactose, sucrose and sahcin 
should be made and meat broth inoculated. Only glucose is fermented 
and meat broth becomes greyish in colour, with production of much 
gas. Verification by animal experiment is advisable. 

4. Gl. tetani. The smaller colonies are “ spidery ” and the larger 
resemble colonies of Gl. septiqne. The development of terminal 
spherical spores and failure to ferment any sugar are suggestive but 
for an unequivocal diagnosis animal experiment is necessary. 

5. Gl. sporogenes. Colonies have a characteristic dark centre and 
a feathery edge. Inoculated into meat water medium it produces gas 
with blackening and digestion of the meat. The cultures have a foul 
smell ; glucose serum peptone water tubes give a soft clot which is 
soon digested. 

If agglutinating sera are available these can be used to perform 
slide tests with cultures in ascorbic acid broth. Such tests have 
the advantage of being both rapid and specific. 


X. Fermentation tests 

Heavy inocula — two drops of either meat broth or ascorbic acid 
broth — are put into tubes of the requisite media, which, like the 
plates used for isolation, are incubated aerobically. 

The complete series of tests involves the use of media containing 
glucose, sucrose and salicin, together with millc containing a piece 
of iron and serum peptone water to which lead acetate, 1 c.c. of a 
one per cent, solution per 100 c.c. of medium, has been added. 

Using this schema isolation and differentiation have proved easy 
in the case of Gl. tvelchii, Cl. septique, Cl. bijermentans {Cl. sordelU), 
Gl. histolyticum and Cl. muUifermentans. We have also isolated 
Cl. tetani firom the exudate of a wound containing Cl. welchii, Gl. 
sporogenes and Cl. bifermentans, but this was less easy. So far we have 
had no opportunity of testing the value of the procedure for isolating 
Cl. cedematiens from morbid material. What has been especially 
notable is the ease with which Gl. sporogenes can be avoided. 


XI. Application of Petrie and Steabben’s method to the 
deep ascorbic acid agar plate procedure 

The method of Petrie and Steabben (1943), in wliich, by adding 
eight units of the requisite antitoxins to specially prepared media 
zones of specific precipitation are produced around the corresponding 
colomes, can be used with the deep plate technique. There are, 
however, certain points worthy of note in this coimection. 
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1. The presence of antitoxic sera, all of which contain a small 
quantity of antibacterial antibodies, causes the colonies to be more 
dense than in simple media. 

2. It is only colonies nearer to the surface which give haloes ; 
many of these are of the “ grenade ” and “ coeur jaune ” type. 

3. In the case of Gl. cedematiens the development of the zone of 
precipitate may be very slow, even when a surface plate is used, and 
with the deep plate method is so uncertain as to he of no value. 

For these reasons the Petrie-Steahben procedure is of much less 
value in the deep plate method than when surface culture is used. 
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THE m-VITEO PRODUCTION OF « TOXIN, 

B ILEMOLYSIN AND HYALURONIDASE BY 
STRAINS OF GL. WELOHII TYPE A, AND THE 
RELATIONSHIP OP IN-VITRO PROPERTIES 
TO VIRULENCE FOR GUINEA-PIGS 

D. G. Bvahs 

From the National Institute for Medical Nesearch, Hampstead 

(PlATE xni) 

The protective properties of Cl. welchii type A antiserum have 
previously been investigated in experimental gas gangrene produced 
in guinea-pigs by Gl. welchii A (Evans, 1943 a and 6). It was found 
that antiserum containing either a antitoxin and no B antihEemolysin 
or a antitoxin and no antihyaluronidaso was highly effective in 
protecting guinea-pigs against infection with a number of different 
strains of 01. welchii A, while antiserum containing a considerable 
quantity of either 8 antiliaimolysin or antihyaluronidase and only a 
trace of « antitoxin was able neither to influetioe the course of the 
infection nor to enhance the protective action of a antitoxin. 

In the course of these investigations it was observed that the strains 
of 01. welchii A employed differed in their power to produce fatal infec- 
tion of guinea-pigs and also in their production in nutrient broth of the 
three antigens, « toxin, 8 hiemolysra and hyaluronidase. It was con- 
sidered that further information regarding the relative importance of 
these antigens in infection and also of their respective antibodies in 
the control of infection might result from a detailed examination of a 
larger number of strains of Gl. welchii A, by observing the relationship 
of their in-vitro properties to their in-vivo activity. A collection of 
30 strains was therefore made, the majority coming from human 
sources, and each strain was examined for its property to produce, 
in vitro, a toxin, 8 htemolysin and hyaluronidase and also for its 
power to cause infection in guinea-pigs. In addition, this collection 
of strains was used for studying the brnmolytio activity of Cl. welchii A 
on horse blood agar and the protective action of the British Standard 
Gas Gangrene Antitoxin (perfringens) in experimental gas gangrene 
infection. 

ExpEKIMtmTAI. 

Production of a toxin and 6 hwmolgsin in vitro. Each strain was grown 
under the same conditions, using a peptono-salt-heef extract medixnn containing 
0*45 per cent, of glucoso (Gale and von Heyningon, 1942). With each strain 
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one litre of medium was inoculated with 5 o.c. of an 18 hours’ liver-hroth 
culttne and incubated in a water-bath at 37° C. Tiwoughout the period of 
growth a constant pH of 7-5 was maintained by the addition of alkali and the 
use of a glass electrode and potentiometer as in the method used by Gale and 
van He 3 mingen. Preliminary experiments showed that under these condi- 
tions the maximum amount of a toxin and 6 hremolysin was produced after 
approximately 6 hours and at this time samples were taken and clarified by 
liigh speed centrifugation. The concentration of a toxin in the clear supernatant 
fluid was estimated, using the lecitho-vitellin test (Maefarlane, Oakley and 
Anderson, 1941), by determining the number of units of a antitoxin required to 
neutralise the a toxin in 1 c.c. of supernatant fluid. In like manner the con- 
centration of 6 haemolysin was estimated by determining the number of 
provisional units of 8 antiliffimolysin (Evans, 1943a) required to neutralise the 
B hajmolysin in 1 c.c. of supernatant fluid. This estimation was made with a 
suspension of sheep red cells of approximately 1-5 per cent, concentration; 
both the suspension and the dilutions of 0 antihajmolysin were made in isotonic 
M/15 phosphate buffer solution having a pH of 6-5, so that the hsemol 5 rtlc 
activity of the a. toxin was completely inhibited (van Heyningen, 1941). 

Production of hyaluronidase in vitro. In examining the hyaluronidase- 
producing properties of the strains, the same medium with the addition of 
0-25 per cent, potassium hyaluronate was used, for McClean (1841) has shown 
that the inclusion of potassium hyaluronate in the culture medium gives a 
large increase in the yield of hyaluronidase. Each strain was grown for 18 hours 
at 37° C., when the pH of the culture fluid was adjusted to 7-5 and a clear 
supernatant fluid obtained by high speed centrifugation. The hyaluronidase 
concentration of the supernatant fluid was estimated by the mucin clot- 
prevention test (McClean, 1943) by determining the number of provisional 
imits of antiliyaluronidase (Evans, 19436) required to neutralise the hyaluronidase 
in 1 c.c. of supernatant fluid. 

Ability of the strains to produce infection in guinea-pigs. The method 
employed to produce experimental gas gangrene infection in guinea-pigs was 
similar to that devised by Armstrong and Rae (1941) and used in previous 
investigations (Evans, 1943 a and 6). Into the shaven thigh of the left hind 
leg of the animal 0-2 c.c. of a 15 per cent, aqueous solution of CaCla was injected 
intramuscularly and 3 hours later 0-2 c.c. of a suspension of washed Cl. tvclchii A 
was injected into the same site. With each strain the suspension of washed 
bacilli was prepared in the same way. - The organisms were grown in liver 
broth for 3 hours, the culture centrifuged and the deposit, after being washed 
once in saline, suspended in saline to give a concentration by measured opacity 
of 250x10® organisms per c.c. From this suspension ten-fold dilutions w’ere 
made in saline and 0-2 c.c. of the chosen dilution injected. No attempt was 
made to compare the infecting properties of the various strains by determinmg 
the smallest nuipber of organisms required to produce fatal infection. A dose 
was chosen — 0-2 c.c. of a 10“® dilution of the original suspension of 250x10’ 
organisms per c.c. — containing approximately 50 x 10® organisms and -with each 
strain tliis dose was injected into 6 guinea-pigs which were kept imder observation 
for 7 days. With a number of the strains it was found that this dose produced 
fatal infection with unfailing regularity and the strains which behaved in this 
way were classed as virulent. With some of these virulent strains, even much 
smaller doses, such as 0-2 c.c. of a lO”’, 10~®, 10-' and sometimes 10“® dilution, 
produced’ fatal infection. The remaining strains, which did not prove fatal 
when a dose of 60 x 10® organisms was mjeoted, gave a variety of reactions 
varying from slight local swelling at the site of injection to a large gangrenous 
lesion. These strains w^ere further tested by injecting guinea-pigs with larger 
doses containing approximately 60 X 10’, 50 x 10® and 60 X 10® organisms- 
With these higher doses more deaths occurred and the gangrenous lesions in 
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the survivors wera moron-idespread and Bovere. Only one of the strains, 
however, proved to be regularly fatal when n dose of 50X10® organisms wns 
given, and it was classed as moderately virulent ; the remnmmg strains produced 
with this dose only an occasional death or no deaths at all and were classed 
as avimlent. 


Results 

Relationship of in-vitro properties to in-vivo activity 

The results of these experiments, together with a statement of 
the origin of the strains are given in table I. AH 30 strains produced 
a toxin and they have been arranged in the table according to their 
ability to produce this antigen. A large variation was observed 
in the a toxin-producing properties of the strains ; the liighest con- 
centration of a toxin was given by strain S 107, 1 c.e. of culture 
fluid requiring 1-G units of a antitoxin for neutralisation, while 6 of 
the strains produced only a trace of a toxin, 0-02 unit of a antitoxin 
being able to neutralise the toxin in 1 c.c. A similar V'ariation was 
observed in fl hieraolysin production; strain S 107 again gave the 
highest concentration while 10 of the strains produced none at all. 
Only 7 of the 30 strains produced hyaluronidase. On the basis of 
their in-vitro properties the strains can be broadly classified into 
three main groups ; (i) those producing all 3 antigens, (ii) those 
producing a to.xin and B htemolysin but no hyaluronidase and (iii) 
those producing only x toxin. No strain has yet been encountered 
which produces x toxin and hyaluronidase but no 6 hoemolysin. 

These 30 strains of 01. welchii were not chosen at random. Some 
were selected because of their good x toxin-producing properties, 
others because they did not produce B hoemolysin and some because 
they were unable to cause fatal infection in guinea-pigs. Thus the 
distribution of in-vitro properties is not necessarily the same as that 
of a collection chosen at random. The object of the investigation 
was not to find out the most frequently occurring characteristics of 
strains of Cl. welchii A, hut to study the rolationsliip of in-vitro 
properties to in-vivo activity. 

Tlio examination of the infecting properties of the strains showed 
that 18 wore virulent, being able to produce fata] infection in guinea- 
pigs with unfailing regularity when a dose of 50x10’ orgam'sms was 
injected. Strain A 19 proved to bo moderately virulent, a dose of 
50x10® organisms being required to produce fatal infection, while 
11 of the strains wore classed as avirulent since none was able to 
produce fatal infection regularly, even when a dose of 60 x 10® orgam'sms 
was injected. Table I shows, with each strain, the proportion of 
guinea-pigs dying after being injected with a dose of 60 x 10’ organisms 
and with the avirulent strains the proportion dying after the injection 
of 50x10® organisms. As already mentioned, some of the virulent 
strains were also tested at low*er doses and the results obtained with 
one of these — 50 x 10’ organisms — ^are given. 
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From the results shown in table I, it is evident that the power of 
a strain of Cl. welchii A to produce fatal infection in guinea-pigs is 
to a large extent related to its in-vitro a toxin-producing properties. 
Of the 11 strains wMch proved to be avirulent, 9 produced only a 
small concentration of a toxin, less than 0'05 unit of a antitoxin 
being able to neutralise the a toxin in 1 c.c. of culture fluid, while 
of the 21 strains which required more than 0-05 unit of a antitoxin 
for neutralisation 18 were virulent, one was moderately virulent and 
only two were avirulent. It is also evident that virulence was not 
dependent on either 6 hsemolysin- or hyaluronidase-producing capacity, 
since 3 strains — S la, BB and 7731 — ^which did not produce either 
of these antigens were found to be virulent, while 8 others which 
did not produce hyaluronidase were also virulent. On the other 
hand, strains such as D 3a, 4226 and 529 were avirulent, yet produced 
even more 6 hsemolysin but less a toxin than some of the virulent 
strains. Up to the present, however, aU the hyaluronidase-producing 
strains have proved to be virulent and no such strain has yet been 
obtained with poor a toxin-producing properties. 

Two of the avirulent strains — 3895 and A 102 — and the moderately 
vdrulent strain A 19, produced in vitro a concentration of a toxin 
equal to and in some cases greater than the concentration produced 
by virulent strains. It is not to be expected, however, that in-vivo 
activity should be determined entirely by in-vitro a toxin production. 
Other properties such as “ invasiveness ”, a property not easily 
assessed, may be associated with the power of a strain to produce 
fatal infection. 


H(Rmolytic properties of Cl. welchii type A on blood, agar 

All the strains examined in the initial stage of this investigation 
were found to produce Q hsemolysin in the beef extract medium and 
when grown on horse blood agar gave colonies surrounded by a zone 
of complete hsemolysis {fig. 1). When strain P 5706 was received 
from Dr Mary Barber, it was found to inoduce no 9 hsemolysin and 
no hremolytic zone was detectable around colonies growing on horse 
blood agar. This strain did, however, produce a toxin, which 
suggested that the zone of hsemolysis frequently present around 
the colonies of Cl. welchii A grown on horse blood agar was due to 
9 hsemolysin and not to a toxin. This suggestion was supported by 
groTOng, on horse blood agar containing (a) no antiserum, (6) 9 anti- 
hsemolysin and (c) a antitoxin, a number of strains producing both 
a toxin and 9 hsemolysin. With the medium containing no antiserum 
and that containing a antitoxin a zone of complete hsemolysis sur- 
rounded the colonies after 24 horns’ growth, but no hsemolysis occurred 
around the colonies grown on the medium containing 9 antihsemolysin. 
Although a toxin hsemolyses the red cells of various species such as 
sheep, rabbit and guinea-pig, even when the calcium concentration 
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in the system is low, under similar conditions the red cells of goat 
and horse are practically insusceptible, and only partially susceptible 
when the calcium concentration is increased (Oakley and Warraok, 
1941). Thus when strain P 6706, producing a to.xiu but no 6 hiemo- 
lysin, was grown on horse blood agar which contained only a trace of 
calcium, the absence of hcemolysis was on account of the inability 
of a toxin to hiemolyso the red cells. When however this strain was 
grown on blood agar to wliieh had been added 0-5 per cent, of CaClj, 
the colonies obtained were surrounded by a wide zone of partial 
hismolysis (fig. 2), and when strains producing both antigens were 
grown on this medium two zones of hjemolysis were observed, one 
narrow zone of complete haemolysis and a much wider zone of partial 
haemolysis extending beyond the boundary of the smaller (fig. 3). 
The zone of partial haemolysis was produced by a tajxin and did not 
appear when a antitoxin was present in the blood agar medium. 

Prom this study of the cultural characteristics of Cl. welcMi A 
on horse blood agar it was evident that strains not producing 
B haemolysin covdd bo identified easily and 9 of the 10 strains of this 
typo used in these investigations were obtained from Miss Nancy 
Hayward’s collection by merely selecting those which she had found 
to be non-haemolytio on horse blood agar (Hayward, 1943). 

Proieclive action of the British Standard Oas Gangrene Antitoxin 
(perfringens) 

As previously shown by the lecitho-vitellin test, all the 30 strains 
of 01. welchii A examined produced a toxin neutralisablo in vitro 
by a antitoxin. The supernatant fluids from the broth eultmres 
were tested also for toxicity by the intravenous inoculation of mice. 
It was found with aU strains except A 78b, A 38b, D 3a and A 13b 
that at least 0-4 o.c. of the supernatant fluid was lethal and that the 
lethal efleot could be neutralised in every case by the British Standard 
Gas Gangrene Antitoxin [perfringens) (Hartley and Evans, 1943). 
No attempt was made to detemiine by the mouse test the average 
lethal dose or the test dose of toxic supernatant fluids ; the 
experiments were made merely to determine whether the standard 
serum was able to neutralise the toxin produced in culture by each 
of the strains. 

Purther experiments wore made to determine whether the Standard 
Antitoxin was able to control the pathogenic action of each of these 
strains in experimental infection. With each strain the experiment 
was made in the same manner. Two groups of guinea-pigs, each of 
2 animals, wore used. The animals in one group each received a 
dose of standard serum containing 25 units of a antitoxin sub- 
cutaneously just above the thigh which was to bo infected. Three 
homs later all the animals in both groups were infected by the 
method already described, using for the virulent strains a dose 
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containing 50x10® organisms and for the avirulent and moderately 
virulent strains a dose containing 60 X 10® organisms. With aU the 
strains except 3893 and 5053 the guinea-pigs receiving the standard 
serum were completely protected against death and infection (table IT). 


Table H 


Protective action of the British Standard Gas Gangrene Antitoxin (perfringens) 
in experimental gas gangrene produced by 30 different strains of Cl. welchii A 


Strain 


S 107 
SB 12 
A 119 
A 117 
A 118 
SB 9 
Bosher 
G6g 

3893 
Sla 
BB 
BSI 
26 
274 
Ulills 
7731 
PL 
6053 
A 19 
3895 
A 102 
629 
P6706 
Corcoran 
D 5 
4226 
A 78b 
A 38b 
D 3a 
A 13b 


Infecting dose of 

CL welchii 

Result with guinea-pigs receiving 

no serum 

25 units of the British 
Standard 

\ 

D2 

D4 

s- 

s- 


D 3 

D 3 

s- 

s- 


D1 

D2 

s- 

s- 


D2 

D6 

s- 

s- 


D 2 

D2 

s- 

s- 


D 1 

D2 

s- 

s- 


D 2 

D 4 

s- 

s- 

Approximately 

50X10’ 

D 1 
D2 
D3 

D3 

D2 

D4 

s- 

D2 

S — 

s- 

D6 

s- 

organisms 

D4 

D6 

S- 

s- 


D 1 

D 2 

S- 

s- 


D2 

D4 

s- 

s- 


D3 

D4 

s- 

s- 


D3 

D4 

s- 

s- 


D4 

D6 

s- 

s- 


D2 

D4 

s- 

s- 


D1 

D3 

S-f- 

S-f-f 


D6 

D 6 

s- 

s- 

\ 

D 6 

S + + 

s- 

s- 


S-f-1- 


s- 

s- 


D3 

S+ + + 

s- 

s- 

Approximately 
^ 60x10' 

organisms 

S-1- 
D 8 
S-h 
S+ + 

s+ 

S-f- 

S-)--)- 

s- 

s- 

s- 

s- 

s- 

s- 

s- 

s- 


s-b 

s-t- 

s- 

s- 


s-p 

s-f 

s- 

s- 


s-i- + 

s-f 

s- 

s- 


S+ 

S-F 

s- 

s- 


Key to tables II and IH : D 2 = death in 2 days ; S = survival ; — = no reaction; 
= small gangrenous lesion ; -f- = large gangrenous lesion ; _ + H — h — 

extensive gangrene. 


With strain 3893, 25 units of a antitoxin had httle or no protective 
action against fatal infection, while with strain 6053, although the 
guinea-pigs receiving the serum were protected against death, they 
were not protected against infection. Further experiments were 
made with these two strains, using larger doses, of standard serum, 
aiid it was found that 100-200 units of a antitoxin' were required for 
complete protection against fatal infection by strain 3893 whUe 
60-100 units were necessary with strain 5053 (table III). It is not 
known why these two strains should have behaved differently from 
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Flo 1 — Strain of Cl uclc/m typo A 
^\hlch produced a toxm and 6 ha'mo 
lyBin gro>\Ti on lior^e blood agar, 
shoumg ft ^ell defined zono of com 
plete hajniol^is x C 


Fio. 2 — Strain of Cl uclchii type A 
winch produced « tovm but no 6 liTino* 
lysm gro^rn on horse blood agar to 
which lincl been added 0 6 per cent 
CaClj. sliowing a wide zone of partial 
hiemolysis x C. 



Fio 3 — Strain of Cl. uelchii tjTie A wluch produced both a toxin and $ haimolysm 
grown on horse blood agnr to which liad been added 0 o per cent. CaCIj, showing 
a narrow zono of complete Iiimol^sis and n wider /one of parti il hrmoljsia x6. 
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containing 50 X 10® organisms and for the avirulent and moderately 
virulent strains a dose containing 50 x 10® organisms. With aU the 
strains except 3893 and 5053 the guinea-pigs receiving the standard 
serum were completely protected against death and infection (table 11). 


Tabtj3 II 


Protective action of the British Standard Gas Gangrene Antitoxin (perfringens) 
in experimental gas gangrene produced hy 30 different strains of Cl. welchii A 


strain 

Infecting dose of 

CL icelchii 

Kesult with guinea-pigs receiving 

no Bcnim 

25 units or the British 
Standard 

S 107 

SR 12 

A 119 

A 117 

A 118 

SB 9 

Kosher 

G6g 

3893 

Sla 

BB 

BSI 

26 

274 

Mills 

7731 

PL 

6053 

A 19 

3896 

A 102 

529 

P6706 

Corcoran 

D 5 

4226 

A 78b 

A 38b 
£> 3a 

A 13b 

Approximately 

60X10’ 

organisms 

Approximately 

50xl0« 

organisms 

D2 D4 

D 3 D 3 

D1 D2 

D2 D6 

D2 D2 

D 1 L2 

D 2 D 4 

D 1 D3 

D2 D2 

D3 D4 

D4 D6 

D 1 D 2 

D2 D4 

D3 D4 

D3 D4 

D4 D6 

1)2 D4 

D1 D3 

D 6 D 6 

D 6 S-P-f- 

s-f-f S-f-f- 

I) 3 S"! — 1" -p 

S-P S-j- 

B 8 S-] — p 

s-p S-f- 

S++ S+ + 

S-f s-p 

s-p S-f 

S-p-f s+ 

s-p s-f 

S- S- 
S- S- 

S- S- 

s- s- 
s- s- 
s- s- 
s- s- 
s- s- 

D2 D5 

s- s- 
s- s- 
s- s- 
s- s- 
s- s- 
s- s- 
s- s- 
s- s- 

S-(- S-f-f 

s- s- 
s- s- 
s- s- 
s- s- 
s- s- 
s- S- 
s- s- 
s- s- 
s- s- 
s- S- 
s- s- 
s- s- 


Key to tables II and in : D 2 = death in 2 days ; S = eurvival ; — = no reaction; 
+ = small gangrenous lesion ; + -}- = large gangrenous lesion ; + + "t 

extensive gangrene. 


With strain 3893, 25 units of a antitoxin had little or no protective 
action against fatal infection, -wMle with strain 5053, although the 
gmnea-pigs receiving the serum were protected against death, they 
were not protected against infection. Further experiments were 
made with these two strains, using larger doses, of standard seruni) 
and it was found that 100-200 units of a antitoxin'were required ftr 
complete protection against fatal infection by strain 3893 while 
50-100 umts were necessary with strain 5053 (table III). I^ 
known why these two strains should have behaved differently 
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Plate XIII 


IL^MOLYTJO PROPEIITIES OF Ct*. M’iSLCIlTI TYPE A ON IIORSB BLOOD AGAR _ 



Fio. 1. — Strain of Cl. tcalchti typo A 
which produced a toxin and $ ha?mo- 
lysin gro^Ti on horse blood agar, 
showing a well defined zone of com- 
plete liamolysis. xC. 



Fig. 2.— Strom of Cl. xvehhii tjT30 A 
which produced a toxin but no $ hR?mo- 
lysin groM'n on liorso blood agivr to 
which had been added 0-6 per cent. 
CaC!,, allowing a wide zone of partial 
hieroolysis. x 6. 



Fio. 3. — Strain of Gl. u'dchn typo A which produced both t. toxin and B lurmolysin 
grown on horse blood agar to which had been oddetl O-S per cent. CnClj, 8lio\ving 
a narrow zone of complete htemolysis and a wider zone of partial ha’moly.sis. X 0. 
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the others. Rom the in-vitro experiments it is seen that they did 
not give an exceptionally high concentration of a toxin in culture, 

TAniiE in 

Protective action of the British Standard Gas Gangrene Antitoxin (periringena) 
in experimental gas gangrene produced by an infecting dose of 50X10* 
^ organisms of two strains of Cl. welchii A 



Result with guinea-pigs Injected with strain 

to cAch stilnea'Plg 

S893 

6053 

200 units 

S'- 

S- 

S- 

S- 

100 „ 

S-I- + 


S- 

S- 

50 >. 

D4 

s-t-t-f 

S4- 

s-t- 

25 „ 

P3 

t>4 

S+ + 

8 + 

Controls — Ko serum 

D2 

t)4 

D2 

D2 


hut it is probable that they may have had a greater invasive activity 
and because of this a larger dose of antitoxin was necessary to cope 
with the infection they produced. In general, however, it can be 
stated that the British Standard Gas Gangrene Antitoxin (perfringena) 
was able to protect guinea-pigs against experimental infection 
produced by each of the 30 strains of Cl. vielcHii A examined, but 
that from 2 of the strains an infection developed which required a 
larger dose of a antitoxin than was required in the case of the other 
strains in order to ensure complete protection. 

Sommahy aot oonolusions 

Thirty strains of Gl. welchii A from a variety of sources have been 
examined for their ability to produce in vitro, a toxin, B haemolysin 
and hyaluronidase and for their power to produce experimental gas 
gangrene in guinea-pigs. Although all the strains were able to 
produce a toxin, there was considerable variation in the amount 
produced by the different strains, a similar finding to that reported 
by other workers (Robertson and Keppie, 1941 ; Keppie and 
Robertson, 1944). The strains showed an even larger variation in 
their production of 6 hasmolysin and hyaluronidase, for a number of 
them did not produce these antigens at all, McClean and his 
collaborators (1943) have also reported that a nmnber of strains 
examined by them were unable to produce hyaluronidase. The 
strains also differed considerably in their power to cause fatal 
infection in guinea-pigs. 

The results of this investigation have shown that a general 
relationship exists between a toxin production in vitro and ability 
to produce fatal infection in guinea-pigs, since strains producing only 
a small amount of a toxin were unable to cause fatal infection, while 
the majority of those having better a toxin-producing powers readily 
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produced fatal infection. On the other hand, the virulence of a strain 
did not depend on its ability to produce either 6 hsemolysin or 
hyaluronidase, for it was found that three strains which did not 
produce either of these antigens and eight others which did not 
produce hyaluronidase were no less effective in causing fatal infection 
in guinea-pigs than strains which produced both these antigens. 
These results, together with those obtained previously in the investiga- 
tions on the protective action of a antitoxin, 9 antihsemolysin and 
antihyaluronidase (Evans, 1943 a and b), suggest that a toxin plays 
the most important part in gas gangrene infection with 01. welcTiii A, 
and that a antitoxin is the significant antibody in the control of the 
disease. 

An examination of the hsemolytic action of 01. welchii A on horse 
blood agar showed that the zone of complete hsemolysis surrounding 
the colonies of strains producing both a toxin and 6 hsemolysin was a 
result of the activity of 6 hsemolysin and not of a toxin (fig. 1), since no 
hsemolysis occurred when 6 antihsemolysin was present in the medium 
or with strains producing a toxin but no 9 hsemolysin. “When 
calcium was incorporated in the medium the horse red cells became 
partially susceptible to the hsemolytic action of a toxin, \vith the result 
that a wide zone p^ partial hsemolysis appeared around the colonies 
of strains producing only a toxin (fig. 2), while two zones appeared 
■with the strains producing both a toxin and 9 hsemolysin, namely a 
narrow zone of complete hsemolysis due to 9 hsemolysin and a -vvider 
zone of partial hsemolysis due to a toxin (fig* 3). The hsemolytic 
properties of 01. welchii A on horse blood agar made it possible 
to obtain a number of non-0 hsemolysin-producing strains for the 
investigation reported in the first part of this communication. 

It has also been shown that the British Standard Gas Gangrene 
Antitoxin (perfringens) was able to protect guinea-pigs both against 
fatal infection "with virulent strains and against infection "with 
avirulent strains. Two of the -yirulent strains appeared to differ 
from the others in that a larger dose of antitoxin was required to 
ensure complete protection. 

I am greatly indebted to Miss Nancy J. Hayward for the majority of the 
strains of Cl. welchii used in this investigation and to Dr D. McClean, Miss 
Helen E. Ross, Dr Mary Barber and Dr St Jolm-Brooks for the others. I 
should also like to thank Mr V. Welch for the photographs. 
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LIPIDS OF THE HUMAN KIDNEY CORTEX 
AND MEDULLA IN FATTY CHANGE 

6. PopjAk, Beit Memorial Fellow for Medical Eesearoh 

From the Departments oj Pathologyt St Thomaa*a Hospital Medical School 
and the British Postgraduate Medical School, University of London 

(Plates XIV and XV) 

The present investigation was undertaken to determine whether 
fatty change in the human Iddney is the result of fatty infiltration 
or of fat phanerosia. Textbooks of pathology refer to fat phanerosis 
ns being the sole mechanism of fatty change in the kidney. This 
theory was developed as a result of the work of Eosenfeld (1903), 
who could not demonstrate chemically an increased fat content of 
kidneys showing fatty change. It was inferred from his results 
that in fatty change the physico-chemical properties of the lipids of 
cytoplasm had altered in a way which rendered them histologically 
stainable. Hence the term “ unmasking ” of fats, or fat phanerosis. 
It is now generally accepted that fatty change in the liver is always 
accompanied by an increase in the neutral fat content of the organ. 
Dible (1934) and Dible and Gerrard (1938) have shown, ^contrary 
to the earlier doctrine, that fatty change in the myocardium is also 
an infiltration. It seemed reasonable to doubt the validity of 
Eosenfeld’s results regarding fatty change in the kidney, especially 
since the results of Imrie (1914-16) also indicate that kidneys showing 
fatty change contain chemically more fat than the normal organ. 
Dible and Hay (1940) and Dible and Popjak (1941) have investigated 
the fatty change produced in the rabbit’s kidney by starvation. They 
found that in most oases this is confined to the loops of Henle and is 
an infiltration. 

Because conclusive evidence from human material had not yet 
been obtained it was decided to investigate the question further, 
both morphologically and chemically. 


Mokpholoqical jnvesitgation 

Material and methods 

Kidneys from 221 non-selectod post-mortems were fixed in formol-saline 
and cut on tlie freezing microtome ot 16 y, stained with Scharlacli B and 
hjcmatoxylin and mounted in glycerol-gelatin. Sections similarly cut and 
S7 
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mounted, but unstained, were also taken for examination with polarised light. 
These sections were examined within a few hours of mounting, since Duguid 
and Mills (1928) have shown that anisotropic granules will develop in frozen 
sections mounted in glycerol-gelatin after standing for a day or longer. 

The degree of fatty change (microscopic fat content) was termed slight (±) 
if only a few tubules in the particular part of the Iddney were affected and 
the fat was in the form of fine granules ; moderate (+, -b-f) if more tubules 
were affected, or the fat-droplets were larger, and marked (-f + -f, +-f-f-f) 
if most or all of the tubules contained large amounts of stainable fat. 


Results 

The distribution of fatty change between cortex and medulla is 
shown in table I. It is evident that fatty change, especially when 


Tabue I 

Distribution of fatty change between kidney cortex and 
medulla in 221 post-mortems 



Cortes 

Medulla 

Degree of fatty change 

Xo. of cases 

Percentage 
of total 

Xo. of cases 

Percentage 
of total 

None ...... 

151 

68-3 

131 

69-7 

Slight (±) 

30 

13-6 

33 

14-9 

Moderate (-f, -f+) 

27 

12-2 

34 

16-4 

Marked ( + -(--|-, -f-f-}--!-) . 

13 

6-9 

22 

10-0 

Total number of cases investigated . 

221 

100-0 

221 

100-0 


marked, is more common in the medulla than in the cortex. In the 
former the loops of Henle, both the descending and ascending hmbs, 
were affected. In cases of marked fatty change, the initial wide 
portion of the descending hmb usually contained larger fat droplets 
(fig. 1), while the rest of Henle’s loops contained only fine fat granules 
(fig. 2). This change was very similar to that produced in the rabbit’s 
kidney by starvation (Dible and Hay, Dible and Popjak). Moreover, 
in those cases in which fatty change occurred only in the medulla^ 
the cortex being unaffected — starvation was a feature of the disease 
(carcinoma of the oesophagus, pyloric stenosis, diarrhoea and vomiting, 
and gastro-enteritis of infants) or merely a terminal phenomenon. 
Fatty change in the collecting and. papillary tubules was found onl}’' 
once in this series, in the kidney of a child of 6 years who died of 
lymphatic leuksemia (fig. 3). 

In order of frequency, after the loops of Henle the distal convoluted 
tubules in the cortex most commonlj'" show fatty change. All the 
cases of slight and most of the cases of moderate (+) fatty change in 
the cortex were confined to the distal convoluted tubules (fig- ^)- 
However, in cases of marked fatty change in the cortex, as is well 
known, the proximal convoluted tubules are affected (figs. 5 and 6) 1 
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Fig 1 — Fitty chango in loops of Henie 
large fat droplets m cells of initial 
^Mde portion of descending loop Degree 
of fatty cliango in inednlln + + + + 
X 550 (Caso P JI CO cf table VIII ) 



Fia 3 — ^Fntt> change m papillary duets of 
ladnej medulla X GO 



Fio 2 — Fatty change m loops of Henie 
fine fnt droplets in tubular epithelium 
Degree of fattj change in mccliiUn + 4* + 
XCO (Cose PM 1601, t/ table IV) 



F 10 4 — Fatty change m distal com olutcd 
tubules of kidnej cortc? Degree of 
fattj change m cortex ± X90 (Case 

P M ICSo, cf tablo III ) 
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at the same time the distal convoluted tubules and loops of Hcrio 
ate not neocBsardy involved. When, however, the tubules of the 
eoitex contam largo amounts of Btaijiable fat, it is more common 
to find fat also in the loops of Henle, but it seems fair to say that 
the various portions of the tubules of the nephron can show fatty 
change mdependently of each other 

IFatty change m the co^to^. does not seem to be associated "vvitii 
starvation hut with metahoho disorders hko diabetes melhtns or tovio 
or septic conditions (toxiemia of pregnancy, phosphorus or aspirin 
poisomng, chrome ahseessos, food poisomng, infectious diseases etc ) 
It seems likely, therefore, that in addition to the factor of fat mobilisa- 
tion, as m starvation, another factor, which is not yet clear, is necessary 
for produomg fatty change m the ladnoy cortex Also it seems that 
the factors produomg fatty hver and fatty ladneys are different It 
is a common observation, and lias been noted frequently during tlus 
im eatigation, that the liver might be loaded with fat and jet the 
Indneys be entirely free from stamable fat 

Amsotropic lipids were found in the epithehum of the convoluted 
tubules only m subacute and chrome nephritis and in essential 
hypertension Chemical deterimnationa earned out on a few such 
kidneys showed an increase m the ester eholestero] content of the* 
organ In oases of fatty change from other causes there was no 
anisotropic Upid matenal m the tubular epithehum of the oortov 
In ilo case were there any anisotropic droplets m the epithehum of the 
medullary tubules It seems, therefore, that in tho kidney the same 
land of fatty change can develop as in tho myocardium or hver , tlus 
might be termed the " simple fatty change of tho ladnoy,” i e 
uncomplicated by deposits of amsotropic hpids Hor the systematio 
chemical investigations onlj' this group of eases will be considered 


Chemical investioations 

To decide whether the fatty change in tho kidney is the result of 
fatty mfiltration or of fat phanerosis, chemical determinations of the 
fat content of the organ are necessary If the change is an infiltration 
by mobilised depot fat, ono should find an mereased neutral fat content , 
if, however, it is a fat phanerosis, no such increase should occur 


Maleriol and methods 

For chemical fat determinations kidneys nera obtained from post mortems 
performed not later than 24 hours and in most cases withm 15 hours after 
deatli All the bodies had been kept in tho refrigerator 

As iatfcj m the human kidney may occur mdopendenth m medulla 

and cortex, the lot content of these ports was determined separately m order 
to ovoid dilution of tho possible mereased fat content, for example, of a fatty 
medulla by the normal fat content of on unaffected cortex 

ne renal capsule was stripped off and all pelvio fat removed The orsan 
was then cut up transversely mto dices approxunately 5 mm thick The coSx 
was dLSsected with scissors from the medulla along the arcuate arteries, so 
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that most of the Henle’s loops were included in the samples of medulla. For 
the determinations of the fat content of the medulla slices were selected in 
which the proportion of the zone of Henle’s loops (the boundary zone) to the 
papillary portion of the medulla was the same. This selection seemed to he 
necessary because it was previously fo\md in the rabbit’s kidney (Dible and 
Popjak) that the normal total fat content of the cortex determined by the 
method of Loathes and Raper (1925) was 1‘8 per cent., of the boundary zone 
I'i per cent., and of the papillary portion of the medulla 0‘8 per cent, of the 
moist weight. Since in the present investigation the boundary zone was not 
dissected from the rest of the medulla, in order to obtain comparable results 
in every case, it was important to choose slices of the medulla in which the 
proportion of the parts having a different fat content was approximately the 
same. 

In the early part of the investigation the fats were determined by the 
saponification method of Loathes and Raper. The values so obtained represent 
total fatty acid plus total cholesterol content of the tissues, together with some 
unsaponifiable non-cholesterol lipid-soluble material. The amoimt of the 
latter in the kidney, however, is negligible. The iodine values were determined 
by the method of Dam (1924). 


Table H 

Schematic representation of the steps involved in the isolation of the 
lipid fractions from an ethanol-ether extract of tissues 


300 ml. of ethanol-ether extract 


1 


Sample 11, 100 ml. 


Sample I, 175 ml., 
evaporated to dryness 
under reduced pressure at 30-40° 0. 

Residue extracted with 
light petroleum 

Extract concentrated to 2 ml. 

Acetone -hMgClj added to 
precipitate phospholipids 


Phospholipids Supernatant after 

centrifuged off phospholipid precipitation 

and determined made up to 25 ml. 


evaporated to dryness 
under reduced pressure at 30-40° 0. 

Residue extracted with 
light petroleum 

Solvent evaporated 

Residue saponified, made acid and 
extracted with 25 ml. light petroleum 


5 ml. for Rest for determination 
total of total fatty acids and 
cholesterol their iodine values 


3-5 ml. sample 20 ml. sample 

for free evaporated to 

cholesterol dryness 

Residue saponified, 
made acid and 
extracted with 
light petroleum 


Fatty acids of neutral 
fats and cholesteryl 
esters (“ fatty acids ") 
and their iodine values 
determined 

N. • 

Eeutral fat = 1-05 (“fatty acids ’’ — ester cholesterol x 0-72) 


In the later part of the investigation a detailed analysis of the Upid content 
of the kidneys was carried out. For these determinations micro -methods were 
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Lipids or tiic iiuMAif kidxiy 



Fio 5 — Slfirked fatty cliange ( + -f + +) m kidney cortc\ from a case of phosphorus 
poisoning xllO. (Case 20/42, r/ table HI ) 



Fin G — High power mow of kidney Oortcx from the same case as fig. 3 It shows 
the proximal convoluted tubules fuU of fat granules, vhilo the distal convoluted 
tubules are not nlTected. X550. 



LIPIDS OF THE HUMAN KIDNEY 


91 


usod and approximately 3 g. of fresh kidney cortex or medulla were sufficient. 
The tissue samples were extracted with boilmg ethanol-ether (3 : 1 by volume) 
accordmg to the method of Bloor (1929). For each g. of tissue at least 100 ml. 
of the solvent mixture wore used. Table II gives the stops of the lipid anaij'ses 
and the calculation of neutral fat content from values of fatty acids derived 
from neutral fats and cholosteryl esters (“fatty acids”). Phospholipids uere 
determined by the method of Bloor (1029), fatty acids either by the dichromato 
oxidation method of Bloor (1928) or by titration with 0‘02^ NaOH. In the 
latter method it was assumed that the avorago molecular weight of the fatty 
acids was 276. The alkali titration method was used when the determmations 
had to be carried out on samples containing more than 6 mg. of fatty acids. 
The two methods yielded results differing by no more than 6 per cent. The 
cholesterol determinations were carried out by tlie digitonm method os described 
by Popjdk (1943). The lodmo values m these micro analyses were determmed 
by Yasuda’s (1931*32) micro modification of Dam’s method (table II). 


Results 

The total fat content of the Iddney cortex of adults, as determined 
by the method of Leathes and Kaper, is shown in table III and that 
of the medulla in table IV. The normal fat content of the medulla is 


Table III 

Total fat content of kidney cortex of adults 
{percentage of moist weight) 


Case 

Totol fat content 
(per cent ) 


Microscopic 

content 

Mean of 1 1 normal cases 

l-72±0 17 (1 47) 

108i:4 (116) 

0 

P.M. 1687 

1685 
„ 1701 

1712 
„ 1691 

M 1830 
.. 1005 
„ 12/42 

20/42 

1 72(1 47) 

1«80 (1 65) 

1- 89 (1-64) 

2- 10 (1-85) 

2 65 (2-40) 

6 70 (6 45) 

6'49 (5-24) 

6-36 (6-10) 

6 50 (6-25) 

108 (115) 

102 (108) 

103 (109) 

101 (106) 

D6 (99) 

76 (76 3) 

76 (76 6) 

76 (76 3) 

± 

± 

± 

+ 

+ + 

+ + + + 

+ + + + 

+ + + 

+ + + + 


In tables III and IV the determinations of fat content wore made by the method 
of Loathes and Rapor. Figures in brockets ore corrected for total cholesterol and 
represent \ alues of total fatty acids. 


lower than that of the cortex by approximately 27 per cent. This is 
a finding similar to that of Dible and Popjak for the rabbit’s kidney. 

A mild degree of histological fatty change (i), either in the cortex 
or m the medulla, was associated with only a slight increase in tlie 
iat content. Indeed, the values in these cases are only the upper 
limits of the control figures. However, a moderate or marked 
fatty change is accompanied by nn increase of approximately 
50-300 per cent., according to the degree of fatty change observed 
histologically. It might he objected that the total fat content of the 
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cortex showing a + + + + fatty change was between 5-5 and 
6-7 per cent., whereas that of the medulla showing the same degree 
of fatty change was only between 2‘9 and 3-4 per cent. It should he 


TABM! IV 

Total fat content of kidney medulla of adults 
{percentage of moist weight) 


Case 

Total fat content 
(per cent.) 

Iodine value 

Zilicroscopic fat 
content 

Mean, of 10 normal cases 

l-26±0-15 (1-06) 

108±6 (116) 

0 

P.M. 1698 

1-42 (1-22) 


± 

„ 1702 

1-67 (1-37) 

97 (iol) 

± 

„ 1685 

1-46 (1-26) 

92 (96) 

+ 

» 1712 

1-46 (1-26) 

97 (101) 

4" 

„ 1701 

1-72 (1*62) 

92 (96) 

4" 

„ 1691 

2-14 (1-94) 

92 (95) 

+++ 

„ 20/42 

2-28 (2-08) 

... 

+++ 

„ 1830 

2-93 (2-73) 

... 

++++ 

„ 12/42 

3-16 (2-96) 

85 (86) 

++++ 

„ 1905 

3-40 (3-20) 

78 (79) 

++++ 


remembered, however, that only the loops of Henle in the boundary 
zone of the medulla showed fatty change and that the determinations 
were carried out on the whole medulla ; therefore the increased fat 
content of the fatty part must have been diluted to a considerable 
extent. 

Prom the results obtained by the method of Leathes and Paper 
it is not possible to tell which of the lipid fractions have increased 
in fatty change. The detailed lipid analyses were carried out to 
answer this question. The relevant results are presented in tables V 
to VIII. The data obtained from infants and young children up to 
the age of 2 years are presented separately from those obtained from 
adults, since infantile kidneys, both cortex and medulla, normally 
have a higher total fatty acid content than the kidneys of adults. 
This difference is due to the higher phospholipid content of infantile 
kidneys. The difference between the total fatty acid and “ fatty 
acid ” values in tables V to VIII represents the fatty acids of 
phospholipids. The theoretical fatty acid content of phospholipids 
is 69 per cent., and calculations based on the figures obtained in this 
investigation showed very good agreement with the theoretical value 
both in normal kidneys and in those with fatty change. The kidney 
cortex, as already pointed out, normally has a higher fat content 
than the medulla, both in adults and in infants, on account of its 
higher phosphohpid content. 

The results of these lipid analyses leave no doubt as to the nature 
of fatty change in the human kidney. With an increasing microscopic 
fat content, whether in the cortex or medulla of adults or infants, 
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there is an increase in the total fatty acid content of the tissues 
The figures in the tables show that this increase is brought about by 

e 

Tabij: V 


Lipid content of kidney cortex of adidto 
{percentogo of moist uetght) 



Table 


Lipid coM/€n^ of kidney medulla of adults 
{percentage of moist uetght) 

I I 
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The detailed analyses offered a definite advantage over those 
obtained by the method of L'eathes and Raper. With the latter 
method, in cases of shght fatty change® a definite increase in fat 
content could not he satisfactorily demonstrated, as the individual 


- Tabm: Vn I 

Lipid content of kidney cortex of infants and young children 
(percentage of moist weight) 


Case 

Total fatty acids 

“ Fatty acids ” 

Neutral fat 

Microscopic fat 
content 

Mean of 7 normal cases 

l-87±0-30 

0-42±0-09 

0-42±0-09 

0 

P.M. 99 

2-09 

0*81 

0-83 

+ 

.. 62 s 

2-41 

0-94 

0-95 

-1- 

,, 46 

2-03 

0-85 

0-89 

+ 

„ 47 

2-26 

0-97 

0-99 

-i- 

60 

2-56 

1-20 

1-24 

-f-h 

21 

2-66 

1-40 . 

1-45 

-f-f 

„ 117 

3-65 

2*15 

2-20 



variations in the total fatty acids, influenced by the variations in 
total phospholipid and normal neutral fat content, obscured the 
slight increase. With the detailed hpid analyses, on the other hand, 
it was possible to demonstrate that even a slight fatty change will 


Tabue vni 

Lipid content of kidney medulla of infants and young children 
(percentage of moist weight) 


Case 

Total fatty acids 

" Fatty acids ” 

Neutral fat 

Hicroscoplo fat 
content 

Mean of 3 normal cases 

1-32 

0-42 

0-43 


P.M. 94 

1*90 

0-77 

0-79 

± 

67 

2-11 

0-75 

0-76 

± 

45 

1-52 

0-65 

0-66 

± 

,, 107 

2-29 

0-97 

1-01 

+ 

„ 93 

1-94 

0-80 

0-80 

+ 

117 

2-84 

1-66 

1-71 

++ 

21 

2-47 

1-64 

1-71 


47 

2-72 

1-69 

1-76 

-i~4* 

„ 99 

2-79 

1-67 

1-76 

4*4* 

„ 62 

3-70 

2-69 

2-79 


„ 60 

4-09 

2-97 

3-11 

-f-f 


produce about a 50 per cent, increase in the neutral fat content of 
the tissues, although such a definite increase is not evident &pm the 
total fatty acid values alone. Moderate degrees of histological fatty 
change (+, ++)> in either cortex or medulla, resulted in a two- to 
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three-fold increase, and marked degrees of fatty change (-f-h-f, 
jh a five- to eight-fold increase in the neutral fat content 
of the tissues. In tables Ill-Vin mean volues for total fatty acid, 
“ fatty acid ” and neutral fat content of “ fatty ” kidneys are not 
given, since it is justifiable to calculate a mean value of these only 
for cases shorving the same degree of fatty change. If a mean were 
obtained for the values of all cases, this would give a figure derived 
from a non-homogeneous group and would not express the true state 


of affairs. 

An analysis of the iodine values of the total fatty acids and of 
“ fatty acids ” further substantiates the view that fatty change in 
the kidney is the result of infiltration of the parenchyma by neutral 
fats derived from the fat depots. It is well known that the iodine 
value of the fatty acids of body reserve fat, which is mostly neutral 
fat, is on the average only GO, while the iodine value of the fatty acids 
of the essential cell lipids is usually over 100. If fatty change is 
brought about by an infiltration with mobilised depot fat, one would 
expect a lowering of the iodine values of the neutral fat fatty acids in 
the affected organs and this should be proportional to the degree 
of infiltration. The lower iodine values of the neutral fat fatty acids 
should be also reflected in the iodine values of the total fatty acids. 

In figs. 7-10, total fatty acid and “ fatty acid " content of cortex 
and medulla are plotted against iodine volues. The data of the curves 
have been calculated on the assumption that any increase in either 
total fatty acid or “ fatty acid " content in fatty change is brought 
about by an infiltration with mobilised depot fat (iodine value of 60). 
The volues of ordinates (iodine values) for the continuous curves have 


been calculated by the equation Y = 


AxB-)-60X 

A+X 


and for the dotted 


f u V (A±o)(B±c>)-f60X ^ 

fines by the equation Y = (Ajrg)+X ’ = mean 

normal total fatty acid, or mean normal “ fatty acid ” content ; 
B = mean normal iodine value of total fatty acids or of “ fatty 
acids ” ; X = increase in total fatty acid or " fatty acid ” content 
above normal values ; o- = standard deviation of the normal total 
fatty acid or of “ fatty acid ” content ; tA = standard deviation of 
the norma] iodine values of total fatty acids or of "fatty acids 
and Y = theoretical iodine value. It can bo seen from the figures 
that the observed iodine values agree with the theoretical within the 
expected limits of variation. The ogreement of the observed iodine 
values with the theoretical is particnlarly good in the case of “ fatty 
acids,” os the slope of the initial part of the theoretical curves is very 
steep and thus oven a sh'ght degree of infiltration should result in a 
marked lowering of the iodine values ; it is evident that this is the 
case. It should be mentioned, however, that such an analysis of the 
iodine values was possible only with the results obtained in adult 
kidneys. In infants the iodine values of both depot fat and the 
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TOTAL FATTY ACID CONTENT, PER CENT. 

Fro. 7. 



TOTAL fatty ACID CONTENT, PER CENT. 

Fig. 8. 

Figs. 7-10. — ^Theoretical and observed iodine values plotted against total fatty 

“ fatty acid ” content of kidney cortex and medulla. The theoretical curves haw 
been obtained by assuming that the increased fat content was brought 5 

infiltration rvith mobilised depot fat having an iodine value of 60. The dot 
curves were calculated by taking into account the limits of standard deviatio > 
■ while in the calculations of the continuous curves the mean control values were use 

Figs. 7 and 8. — ^Theoretical and observed iodine values of .total fatty acids of adult 
kidney cortex and medulla respectively plotted against total fatty acid content. 
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fatty acids of the essential ceU Upids varied ivith age between very 
wide limits and therefore it was impossible to obtam a meati for these 
values. This great variation in the iodine values in ^ants is 
presumably due to dietary differences and possibly to differences 
in the general fat metabolism as compared with that of adults. 



12 3 4 12 

•fatty ACID' content, per CENT. 'FATTY ACID' CONTENT, PER 'CENT. 

Fio. 9. Pio. 10. 

Figs. 9 ond 10.— Thooretical and observed iodine values of “ fatty eoids ” of adult 
kidney cortox and medulla respectively plotted against “ fatty acid ” content. 

The relationship between body reserve fat and fatty change 
provides further support for the view that fatty change is the result 
of fatty infiltration. Diblo and his co-workers (c/. Dible, 1938-39} 
have shown that the degree of fatty change produced experimentally 
in the liver is a function of the body fat reserves ; the same relationship 
was found in the case of fatty change produced in the rabbit^s kidney 
by starvation (Diblo and Popjak). It is also well known from the 
work of Lebedeff (1883) and of Rosenfcld that fatty change in the 
human liver does not occur in phosphorus poisoning if there are no 
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fat reserves in the body. This correlation was noted in the present 
study too. In every case, except a few cases of slight (±) fatty change, 
when fatty change occurred in the Mdueys there were available fat 
reserves. To quote an example : cases P.M. 117 and 94 (c/. tables VII 
and Vin) were infants 5 and 3 months old respectively and both 
died of gastro-enteritis. In case P.M. 117, in which there was an 
abundance of depot fat, both liver and kidneys showed a moderate 
to marked degree of fatty change ; whereas in case P.M. 94, in which 
the fat depots were depleted, apart from the slight fatty change (i) 
in the medulla, neither liver nor kidneys contained more neutral fat 
than normal, although the cause of death and the duration of the 
preceding illness were the same. 


Discussion 

The data presented leave no doubt that fatty change in the kidney 
is of the nature of fatty infiltration, as this change resulted in an 
increased neutral fat content of the organ and the increase was pro- 
portional to the degree of fatty change observed microscopically. 
The changes in the iodine values corroborate this conclusion. 

However, some might argue that even in cases of most marked 
fatty change in the kidney, the neutral fat content of the tissues did 
not exceed the value of about 6 per cent, of the moist weight, whereas 
in the liver a marked fatty change might yield as much as 15 per cent, 
of neutral fats. There is no difficulty in explaining this difference. 
When in the liver such large quantities of fat accumulate, usually 
each cell is occupied by a single large fat globule producing the 
characteristic signet-ring-shaped liver cells. The diameter of a large 
fat globule in a liver cell is on the average about 40 p.. In the 
kidney, even in cases of the most marked fatty change, the diameter 
of the fat droplets seldom exceeds that of a red cell and is usually 
about 3-5 p. Only in the wide descending portion of Henle’s loop 
were fat globules as large as 10 p in diameter observed. A fat globule 
40 p in diameter, when broken up, could give rise to about 50 fat 
droplets of 10 p diameter and to 1000 fat droplets of 4 p diameter 
and consequently they would be dispersed through a larger volume 
than the original 40 p globule had occupied. The large number of 
small fat droplets in the tubular epithelium in the kidney gives the 
impression of a marked fatty change. Apart from this it is well 
known that even in cases of most marked fatty change in the tubular 
epithelium the fat granules still leave a good deal of cytoplasm 
unoccupied. 

The chief difficulty which remains to be explained is the dis- 
crepancy between the results of Rosenfeld and those here presented. 
There are certain points in Rosenfeld’s report which might account 
for his failure to demonstrate an increased fat content in "fatty 
kidneys. Most of his work was carried out on dogs. His contro 
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values were obtained on whole kidneys of animals which had been 
starved for 6 days. These showed total fat ranging fi’om 18-5 to 
29d2 per cent, of the dry tissues, which would correspond 
approximately to 4-G per cent, of the moist weight. These values 
are much too high. It seems likely that many of Bosenfeld’s animals 
developed fatty change in their kidneys during the 5 days of 
starvation. There is no evidence in his report that it was ascertained 
histologically that these kidneys were really normal. In the experi- 
mental production of " fatty ” Iddneys, certain poisons (phosphorus, 
phlorrhizin, chloroform, cantharidis, alcohol, pulegon) were given to 
the dogs and it seems to have been assumed a priori that these 
substances will produce the same degree of fatty change in the 
Iddneys of all animals. No information is given in his article of the 
extent to -which the Iddneys of these experimental animals developed 
fatty change and whether it was the cortex or medulla which was ' 
affected. The fat content of the Iddneys of his experimental animals 
varied from 16-9 to 22-6 per cent, of the dry weight, with a mean 
less than that of the controls. 

It may be concluded, therefore, that, as in the liver and heart 
muscle, fatty change in the kidney is the result of infiltration of the 
parenchyma by mobfiised depot fat. Thus aU the available evidence 
shows that the theory of fat phanerosis is untenable and it should bo 
replaced entirely by the concept of fatty infiltration. If it is ogreed 
that fatty change in the parenchymatous organs is brought about 
by infiltration with fat derived from outside, there should no longer 
be any difficulty even in the use of the term “ fatty degeneration ”, 
although not in its original sense as defined by Virchow. Degenerations 
result from injuries, which, although they do not kill the cell, alter 
its metabolism and morphological appearance. Degeneration may 
then be defined as the changes in the morphological appearance of 
the cell as a result of disturbed metabolism. Fatty degeneration in 
this sense of the term would be the morphological manifestation of an 
altered fat metabolism of the parenchyma cells. 

' Summahy 

1. Fatty change was investigated in human kidneys both histo- 
logically and chemically. 

2. An analysis of sections of kidneys from 221 post-mortems 
showed that fatty change occurs more frequently in the medulla than 
in the cortex. The various tubular portions of the nephron may 
show fatty change independently. Anisotropic lipids were found in 
the tubular epithelium of the kidney cortex only in subacute and 
chronic nephritis and essential hypertension. 

,S. Chemical analyses carried out separately on cortex and medulla 
showed that fatty change in the kidney is brought about by infiltration 
with neutral fat derived from the fat depots. Lipid fractions other 
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than neutral fats (phospholipids, free and ester cholesterol) showed 
no deviation from normal. 

4. The kidney cortex has a higher phospholipid content than the 
medulla. Kidneys of infants, both cortex and medulla, contain more 
phospholipids than the corresponding parts of kidneys of adults. 

5. The data presented show that the theory of fat phanerosis as 
an explanation of the mechanism of fatty degeneration is untenable 
and should be replaced by the concept of fatty infiltration. 

I wifili to express my gratitude to Professor J. H. Dible for initiating this 
work ; most of the kidneys forming the basis of the morphological investigations 
were obtained through his kindness. I am also indebted to Dr Eric Gardner for 
the case of phosphorus poisoning and for several sections of fatty kidneys. 

The detailed data of this investigation have been deposited with the Librarian, 
General Library, British Museum (Natural History), London, S.W. 7. 
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OBSERVATIONS ON THE ANTI-PERNICIOUS 
ANASMIA FACTOR: WITH A SUGGESTED 
METHOD FOR TESTING LIVER EXTRACTS 
IN THE LABORATORY 

W. Jacobson, Sir Halley Stewart Research Fellow, and] 

S. M. WlLUAMS * 

From the Slrangeways Research Laboratory, Cambridge 

(Plate XVI) 

The chemical nature of the anti-pemicioiis anaemia principle is still 
obscure. The main reason for this is that there has been no reliable 
method of testing the hsemopoietie action of an extract other than 
clinically in a typical case of pernicious anaemia in relapse. So far 
pernicious anaemia has not been produced experimentally, and the 
bone marrow of normal animals will not respond to a haemopoietio 
substance by forming more red blood cells. Numerous attempts 
have been made to devise a method of testing for the presence of 
the anti-pemioious anaemia principle. All failed to reveal a constant 
response to haemopoietio extracts (Wintrobe, 1942, p. 270). 

Two experimental methods of attack on this problem are described 
in the present communication : (1) the use of bone marrow oultm^s 
and (2) the use of splenectomised animals. The second and simpler 
method arose from observations on bone marrow cultures and has 
superseded the first method. The results of tests of clinically active 
substances by these techniques are reported. 

I. The bone marrow culture method 

Since normal bone marrow in vivo does not respond to the extra 
stimulus provided by the injection of haemopoietio substances, it was 
decided to examine the reaction of bone marrow isolated in tissue 
culture. 

Teebnique 

Bone marrow from adult rabliits and guinea-pigs was grown by either the 
Imaging drop or roller tube method. Inatoad of the usual chick embryo extract 
a saline extract of the animal's minced liver was added to the plasma. Tliis 
provided optimal conditions for erytliropoiesis. A dilute salinO extract of the 
animal’s spleen was used in the control cultures this medium did not stimulate 
erytliropoiesis. ' ' 

• Working with a Lady Tata Memorial Trust grant. 
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Results 

The results can be arranged in two groups : (1) the response of 
bone marrow cultures to different fractions of hver extract and 
(2) the response to extracts prepared from different parts of the 
intestinal mucosa. These latter studies gave in addition information 
as to the anatomical localisation of the anti-pemicious ansemia 
substance. 

Response of bone marrov) cultures to liver extracts 

Fractionated liver extracts were supplied by Dr A. Neuberger. 
Remarkable differences could be established between some of these 
fractions when series of explants were grown in media containing 
them in progressive dilutions. Cultures grown with the addition of 
“ active ” extracts showed erythropoiesis even in dilutions of 
1 : 300,000. Further fractionation of the active extracts was then 
imdertaken by Dr Neuberger, In some cases the response was poor, 
but with the purest preparations it was possible to show the presence 
of a hsemopoietic factor in dilutions of 1 : 3,000,000. Some of 
these extracts were subsequently examined by the animal test and 
two fractions were also tried clinically. These observations gave 
consistent results. Unfortunately only a few milligrams of these 
fractions could be supplied at the time, and the method was dis- 
continued as the simpler animal test was developed. 

Localisation of the anti-pemicious anaemia substance in the 
intestinal mucosa 

Some doubt still exists as to the localisation of the anti-pemicious 
ansemia factor in the intestinal mucosa. Meulengracht (1934-35, 
1939) suggested that the Brunner’s glands of the duodenum elaborate 
this factor. Their structure is analogous to that of the pyloric glands. 
Another possibihty is that the crypts of Lieberkiihn are responsible, 
as they contain the argentaffine cells which are severely affected in 
cases of pernicious ansemia (Jacobson, 1939). In order to decide this 
question viUi and crypts were separated from Brunner’s glands by 
careful scraping of the pig’s duodenal mucosa, the separation in layers 
being confirmed by histological examination. 

Pieces of bone marrow which were grown with the addition of 
extract from the crypts showed erythropoiesis continuing as m 
cultures grown with the addition of liver extracts. Cultures grown 
with extracts of viUi held an intermediate position, and those grown 
with extracts of Brunner’s glands were almost or quite negative as 
regards erythropoiesis. These results indicate that Bruimer’s glands 
contain little if any hemopoietic factor, and that the active principle 
is present in the crypts. 

This interpretation agrees with the assumption that the argentaffine 
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cells in the crypts of Lioberlriihn are connected with the elaboration 
of the active principle (Jacobson), since in Brunner’s glands argentaffine 
cells are extremely rare. Further evidence for tliis assumption was 
provided by the study of bone marrow cultures grown in vitro with 
the addition of an extract of a carcinoid tumour from the human small 
intestine. A portion of the tumour measuring 6x4x3 mm. was 
minced and e:rtracted with hot pyridine to dissolve out the pigment 
of the argentaffine cells.. The pyridine was evaporated, and the dry 
matter {circa 0*6 mg.) re-suspended in 2 c.c. of saline. This extract 
intensely stimulated erythropoiesis in the bone marrow explants. 

Tn a clinical experiment G4 g. of dried villi and crypts were given by mouth 
to o patient with pernicious anaemia, in 3 doses spread over a fortnight. After 
each dose, the percentage of reticuloc 3 ^te 8 in the blood rose on the 4th'6th day, 
and the red blood cell count increased from 3 to 3‘9 million per c.imn. in 21 days. 
A subsequent injection of 2 o.o. of “ Anahzemin ** produced a reticulooj^te peak 
of a similar order, though slightly smaller, as by then the patient was approach- 
ing a level of 4 million R.B.C. per c.mm. 

In this connection, it is interesting that Willdnfion (1940) and his co-workers 
gave a large amount (699 g.) of Brunner’s glands, isolated by the above method, 
to a patient with pernicious amemia without producing any reticulocyte 
response, whereas a smaller amount (628 g.) of a traction containing crypts and 
villi (which were not separated Irora each other) was found to be therapeutically 
active. This experiment supports the view that the crypts and villi, and not 
the Brunner’s glands, contain the anti-pemiclons antemia factor. 


II. Ass 'EES'E TfiS 

The following observations led to the use of splenectomised animals 
as a simpler test for the anti-pemicious anjemia principle. In the 
course of examining three cases of polycythsemia with red cell counts 
between 9 and 10 million per c.mm., sternal punctures were made in 
order to establish whether the disease in these patients was associated 
with mitotic over-activity of erythroblasts in the bone marrow. The 
marrow of all three was found to contain an excessive number of 
dividing erythroblasts. 

Small fragments of this marrow were grown in vitro in media 
containing either liver or guinea-pig spleen extract. Tlie liver extract 
enabled erythropoiesis to continue for three days in vitro (fig. 1), 
while the effect of the splenic extract was to inhibit erythropoiesis,- 
BO that from the second day on mainly young basophil erj’throblasts 
were found (fig. 2), Intermediate stages such as polychromatic 
erythroblasts and normoblasts were almost absent. The splenic 
extract had no hfemolysing effect on the red cells, with or without 
the addition of complement. 

It therefore seemed likely that splenic extract acts as an inliibitur 
of erythropoiesis in the over-active bone marrow of the polycjdihEemic 
patient. Its effect on normal bone marrow cultures is similar, though 
less striking. Tlus suggested two practical possibilities : (1) that the 
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giving of splenic extract to cases of polycythsemia might lead to a 
reduction in the number of red blood corpuscles (this has proved to 
be the case in all tliree patients in whom the treatment has so far 
been tried) ; (2) that removal of the spleen should enable normal 
bone marrow to respond to extra stimuli, e.g. the injection of hsemo- 
poietic substances. (The bone marrow of a normal animal or man, 
or of a cured case of pernicious anaemia, will not respond to any 
amount of haemopoietic substances.) The second assumption led to 
the use of splenectomised rabbits and guinea-pigs for testing the 
activity of heemopoietic substances. 

Technique oi the animal test 

Twelve rabbits and two guinea-pigs were splenectomised and used as test 
animals. A thousand — frequently two thousand — red blood cells were counted 
for each animal daily, the number of reticulocytes being expressed as a 
percentage. Counts were made on both coverslips in an effort to avoid errors 
due to possible imeven distribution of the reticulocytes. These counts were done 
in. groups of five hundred red blood cells under a in. oil immersion objective 
and using a micrometer eyepiece. 

First, daily reticulocyte counts were made on six normal rabbits before 
splenectomy, the periods of observation being respectively 5, 7, 25, 35, 49 and 
93 days. During these periods the reticulocyte counts never rose spontaneously 
above 3-5 per cent. It was confirmed that normal rabbits cannot be used to 
test for the anti-pemicious anosmia factor. Four of these rabbits failed to 
respond to liver injections. The other two gave a positive followed by a 
negative response when a second injection was given after a prolonged interval ; 
neither showed any anaemia. 

Results of the animal test 

General observations on splenectomised animals 

Tull blood counts were done on all animals before splenectomy. 
It was found that the range of hsemoglobin and red cell counts 
in a series of seventeen rabbits before splenectomy was : Hb 
79-110 per cent., R.B.C. 4 , 680 , 000 - 6 , 540,000 per c.mm. The corre- 
sponding values for a series of six guinea-pigs before splenectomy 
were : Hb 103-122 per cent., R.B.C. 5 , 200 , 000 - 6 , 460,000 per c.mm. 
Twelve of these rabbits and two of the guinea-pigs were used for the 
tests to be described. 

Splenectomy does not appear to interfere in any way with the 
health of rabbits or guinea-pigs. In rats, as is well known, it is 
commonly followed by the development of ansemia associated with 
the presence of Bartonella in the red blood cells. Splenectomised 
rabbits and guinea-pigs do not become more susceptible to infection. 
Six of the splenectomised rabbits are still alive, and four of these 
were operated on two years ago. It should be emphasised that, though 
there may be a slight fall in HI) and R.B.C. after operation, due 
to loss of blood, neither a macrocytic nor a microcytic anaemi® 
was ever found. 
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The esperiinents described below are based on the stiniulating 
action of the anti-pemioious ansemia factor on a bone marrow deprived 
of the inhibiting action of the spleen. No condition comparable rvith 
pernicious anajmia or any other deficiency disease of the bone 
marrow is produced by splenectomy in rabbits and guinea-pigs. 
After splenectomy in rabbits a reticulocyte “ peak ” of from 4 to 
7 per cent, occurred about the 6tli-9th day. The height of the peak 
varied with the amount of blood lost at operation, and consequently 
in some cases no peak was observed. After tliis, the reticulocyte counts 
gradually subsided to a normal level. 

After repeated observations on the reticulocyte counts of these 
spleneotomised animals, it was decided to take 3'5 per cent, as the 
upper limit of spontaneous variation. The normal reticulocyte values 
in spleneotomised rabbits, after the post-operative period, varied 
between 1 and 3 per cent. Rarely values up to 3-5 per cent, were 
recorded, and this was taken as a safe “ base line ” for further 
experiments. 

The two spleneotomised guinea-pigs showed lower retiotilooyte 
counts, most of them being below 1 per cent. However, they some- 
times showed spontaneous rises to values between 2 and 3 per cent., 
lasting for about seven days. Similar though liigher spontaneous 
rises, without apparent reason, have been recorded in the normal 
guinea-pig (Goodman, Geiger and IClumpp, 1936). 

Statistical analysis 
The reticulocyte percentage 

More than 3000 reticulocyte counts were made in the course of this 
work. The percentage of reticulocytes was calculated from counts 
of 1000 or 2000 red cells. Appreciable variation in the percentage of 
reticulocytes estimated in this fashion is to be expected on account of 
variations in distribution. The question arises whether the observed 
fluctuations are of the magnitude expected on the basis of the binomial 
distribution, and in particular whether reticulocyte percentages 
higher than 3'5 are found with appreciable frequency purely as a 
result of random sampling. If such were the case, some of the jnaterials 
tested would be reported as active when in fact they were not active. 

A rabbit was available for wliich 228 counts were made over a 
period of eight months. During this time eight injections were made. 
Seven of the substances used were inactive, while one was active. 
The reticulocyte percentages in the series of 228 determinations 
ranged from 0-8 to 3-9, and averaged 1-798. No spontaneous rise 
above 3-5 per cent, was observed. The value of 3-9 was recorded on 
the 5th day after the intramuscular injection of the only active 

• The nutliora oro \oiy grotcful to Dr D. E. 1.0a for undertaking the statistical 
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substance given during this period of observation. The numher of 
reticulocytes recorded per 1000 red cells are given in table I in the 
form of a frequency distribution. 

Table I 

Frequency with which reticulocytes are found in a count of 1000 red cells 


Number of reticulocytes in 

1000 red cells 
r 

Expected frequency on 
binomial distribution 

VrI (Ji-r) 

Frequency found 
experimentally 

<7 

0-6 

0 

8 

0-9 

1 

9 

1-9 

1 

10 

3-4 

7 

11 

5-5 

6 

12 

8-3 

8 

13 

11-6 

10 

14 

15-0 

11 

IS 

18-0 

26 

16 

20-3 

21 

17 

21-6 

25 

IS 

21-6 

17 

19 

20-4 

21 

20 

18-3 

23 

21 

15-6 

' 7 

22 

12-7 

12 

23 

9-9 

11 

24 

7-4 

6 

25 

5-3 

1 

26 

3-6 

2 

27 

2-4 

2 

28 

1-5 

2 

29 

0-9 

1 

30 

0-6 

3 

31 

0-3 

0 

32 

0-2 

2 

>33 

0-2 

2* 

Total number of counts made 

228-0 

228 


* Both these values were found on the 4th and 5th day after the Intramuscular injection of an active 
liver extract. 

If sampling errors alone accounted for the variation obtained, we 
should expect the number of counts in which r reticulocytes were found 
among n red cells to be given by the coefficient of p' in the bi-nomial 
expansion of N (g'+p)". where N = 228, n — 1000, p = 0-01798, g 
= 0-98202. The calculated frequencies are included in the table, 
and are seen to be in good general agreement with the experimental 
frequencies. The agreement was tested by the method, giving 
X~ = 18-8 for 15 degrees of freedom, indicating satisfactory agreement. 

* Por the X' test, values of r< 10 were grouped as a single class, and values of 
r> 26 as a single class, to avoid having classes of fewer than five members. 
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On the basis of the binomial distribution wo should expect to 
obtain a reticulocyte percentage as great as or greater than 3-5 per cent, 
only once in about 5000 counts. In this rabbit one count of the 
228 counts was higher than 3-5 per cent, (namely 3-9 per cent.) and 
was presumably due to the activity of one of the substances injected. 
We conclude that a peak in the reticulocyte percentage curve wliich 
rises above 3 -5 per cent, is most unlikely to be due to chance. 


The reticulocyte peak 

A substance is regarded as active only if the reticulocyte percentage 
rises above 3-5 per cent, on one (or more) of the following days, 
namely 2-G days after an intravenous injection or 4-6 days after 
an intramuscular injection (table II). This convention might result 

TABIiE II 


Days after injection on which reticulocyte peaks occurred 



injection 

Ktunbet of Infections 

which havo first peak 

at time stated 



1 

0 

Mean time at nvbicU 


3 . 

23 

peak appears 0 4*0 
doys 

Intravenous injections 

4 

6 

1 

3 


0 

C 

Most probable time at 


7 

0 

which peak appears 


>7 

3 J 

ss 3 days 


f 3 

0 1 

Mean time at which 


i 

1 

peak appears ss 

Intramuscular injections 



days 

Most probable time at 

i 

I >7 

» ) 

which peak appears 
8 6 days 


in some substances being repotted as inactive which do give peaks, 
though not at the usual times. No liver e.xtract produced a reticulocyte 
peak on any day other than those above-mentioned. In testing liver 
extracts this was found a very satisfactory criterion. 

In view of the conclusion that a single count above 3-6 per cent, 
was only likely to occur about once in 6000 counts, spurious activity 
due simply to sampling error is not likely to occur more than about 
once in 1000 substances tested if the above convention is adopted. 
Tliis value applies to a single test of one substance only, but when 
the same substance is tested twice and found active in both tests the 
chances of a sampling error are reduced still further. 
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Experiments 

Injections of hsemopoietic substances were given intravenously, 
intramuscularly, or (in a few cases) by stomach tube. When 
administered intravenously, a potent extract usually gave a reticulocyte 
peak between the tliird and fifth days, rarely on the second or sixth 
day ; if a potent extract was given intramuscularly or orally, the 
reticulocyte response occurred between the fourth and tenth and 
usually between the fourth and sixth days. The reticulocyte values 
feU to a basal level within 6-10 days after intravenous injection, and 
within 8-14 days after intramuscular injection. The rabbits were 
then ready for a further test injection, but the guinea-pigs required 
a slightly longer interval between injections. * 

Repeated injections of hsemopoietic substances into the same 
animal at suitable intervals produced consistent results, and the six 
animals in their second year after splenectomy responded as satis- 
factorily as in the first few months. 

Preliminary experiments were done with liver^extracts of known 
potency in pernicious anaemia, in order to establish the fact that a 
reticulocyte peak could be produced consistently in the splenectomised 
animal. A maximal reticulocyte rise of 5-6 per cent, was obtained 
and could be reproduced after the injection of a human therapeutic 
dose of liver extract. It should be pointed out that a reticulocyte 
peak of 5-6 per cent, on a red ceU count of 5-6 mUHon is quite 
considerable. 

Five liver extracts known to contain the anti-pernicious ansemia 
■factor were tested. 

Liver extract I (66 mg. dry matter per c.c.). Two c.c. gave, in a case of 
pernicious anaemia with R.B.C. of 1,020,000 and Hb 26 per cent., a reticulocyte 
response of 30’2 per cent, on the fourth day after injection. The same dose 
injected intravenously into three splenectomised rabbits produced reticulocyte 
peaks of 5'9, 5'8 and 5-6 per cent. (A. 1, fig. 3) respectively, and in a fourth 
rabbit 1‘7 c.c. produced a peak of 5-1 per cent. (A. 2, fig. 4) ; 0-8 c.c. injected 
into three of these four rabbits produced peaks of 3-4, 3*8 (A. 3, fig. "3) and 
3-9 per cent. (A. 3, fig. 4) ; 0'5 c.c. gave peaks of 4-0, 3'8 (A. 4, fig. 3), 4-3 and 
3-1 per cent. (A. 4, fig. 4). From these values it was concluded that the smallest 
dose giving any significant rise lay between O-S and 0-8 c.c. Two c.c. gave 
a nearly maximal response. Larger doses given intravenously were found 
unsatisfactory. It was suspected that the amount of antiseptic present in th® 
ampoules might inhibit the retiouloc 5 rte response, as each c.c. contained 3 mg* 
of tricresol. Thus 3'5 c.c. of this extract, containing 10-5 mg. tricresol, failed 
to produce a reticulocyte response, whereas the same amount of dry matter 
(235 mg.) without any disinfectant produced a reticulocyte peak. Two guinea- 
pigs showed reticulocyte peaks of 4-1 and 3-6 per cent, respectively after 
injections of 60 mg. 

Liver extract II. Two hundred mg. of the dry extract were dissolve 
in 4 c.c. of saline and filtered through a sterilising Seitz filter pad (3-6 cm- 
diameter) to avoid possible infection. This extract failed to produce anj 
reticulocyte response. That the active matter was adsorbed on to the fih®|^ 
pad was shown by preparing the extract in the same way, but injecting 
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immediately without filtering. This gave a reticulocyte peak of 6-9 per cent. 


on the fifth day (fig. 0). 



Days 

Fio. 3. — Reticulocyte response of apicnec* 
tomiaed rabbit to tho intravenous 
mjeefcioa of extract I. 

A. 1 =s 2'0 c,o. of extract injected 
A. 3 = 0-8 „ „ 

A. 4 = 0 0 „ „ 



Days 


Fio- 4. — Reticulpcyte response of splenec- 
tom'isod rabbit to the intravenous 
injection of extract I. 

A. 2 = 1'7 c.c. of extract injected 
A. 3 « 0-8 M M .. ** 

A. 4 *0*5 „ „ „ ,, 



Fiq. 5. — Reticulocyte response of Fio. 6.— Reticulocyte response of splenec* 
splenectomiscd rabbit to the intta- tomised rabbit to tho intravenous injection 
venous injection of extract II. of extract HI. 

AB. 1 = 200 ing. of filtoiod oxtraot H. » 125 mg, of extract injected, 

injected. 

AB. 2 s= 200 tng, of unfilterod extract 
injected. 


Liver extract HI. Two rabbits each injected with 2 c.c. [= 60 rag.] 
gavo teticulocyi© values of 4*1 and 3*9 per cent, respectively. But onotlier 
rabbit injected with 3 c.c, of this extract failed to give a significant response. 
On tho six days preceding the injection the average reticulocyte co\rat in tills 
animal was 1'3 per cent, [range On the fifth day after injection the 

rQtiGuloGjde count was 3*2 per cent., and nn. the two following days 3'0 and 3*1. 
On the Cth day after injection fho R.B,C. count was 7,150,000, an unusually 
high value. One hundred and twenty-five mg. produced a peak of 4'8 per cent, 
(fig. 6). Two c.c. of this extract [= 60 rag.] produced a reticulocyte peak of 
16-1 per cent, on tho fifth day in a. case of pernicious anremia with a R.B.C. 
count of 1,500,000 per c.mm. It was thus evident that 50 mg. of extract It! 
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Experiments 


Injections of hsemopoietic substances ■were given intravenously, 
intramuscularly, or (in a few cases) by stomach tube. When 
administered intravenously, a potent extract usually gave a reticulocyte 
peak between the third and fifth days, rarely on the second or sixth 
day ; if a potent extract was given intramuscularly or orally, the 
reticulocyte response occurred between the fourth and tenth and 
usually between the fourth and sixth days. The reticulocyte values 
fell to a basal level •within 6-10 days after intravenous injection, and 
within 8-14 days after intramuscular injection. The rabbits 'were 
then ready for a further test injection, but the guinea-pigs required 
a slightly longer interval between injections. * 

Repeated injections of hsemopoietic substances into the same 
animal at suitable intervals produced consistent results, and the six 
animals in their second year after splenectomy responded as satis- 
factorily as in the first few months. 

Preliminary experiments were done with liver”extracts of kno'mi 
potency in pernicious ansemia, in order ■to establish the fact that a 
reticulocyte peak could be produced consistently in the splenectomised 
animal. A maximal reticulocyte rise of 6-6 per cent, was obtained 
and could be reproduced after the injection of a human therapeutic 
dose of liver extract. It shordd be pointed out that a reticulocyte 
peak of 5-6 per cent, on a red cell count of 5-6 million is quite 
considerable. 

Five fiver extracts known to contain the anti-pernicious ansemia 
factor were tested. 


Liver extract I (66 mg. dry matter per c.c.). Two c.c. gave, in a case of 
pernicious ansemia with R.B.C. of 1,020,000 and Hb 25 per cent., a reticulocyte 
response of 30-2 per cent, on the fourth day after injection. The same dose 
injected intravenously into three splenectomised rabbits produced reticulocyte 
peaks of 6-9, 5’8 and 5'6 per cent. (A. 1, fig. 3) respectively, and in a fourth 
rabbit 1*7 c.c. produced a peak of 5-1 per cent. (A. 2, fig. 4) ; 0-8 c.c. injected 
into three of these four rabbits produced peaks of 3-4, 3-8 (A. 3, fig. 3) and 
3-9 per cent. (A. 3, fig. 4) ; 0-6 c.c, gave peaks of 4-0, 3'8 (A. 4, fig. 3), 4-3 and 
3T per cent. (A. 4, fig. 4). From these values it was concluded that the smallest 
dose giving any significant rise lay between 0-6 and 0-8 c.c. Two c.c. ga^ 
a nearly maximal response. Larger doses given intravenously were found 
unsatisfactory. It was suspected that the amoimt of antiseptic present in the 
ampoules might inhibit the reticulocyte response, as each c.c. contained 3 mg- 
of tricresol. Thus 3-5 c.c. of this extract, containing 10'6 mg. tricresol, failed 
to produce a reticulocyte response, whereas the same amount of dry matter 
(235 mg.) without any disinfectant produced a reticulocyte peak. Two guinea- 
pigs showed reticulocyte peaks of 4-1 and 3-6 per cent, respectively afer 
injections of 60 mg. _ , 

Liver extract II. Two hundred mg. of the dry extract were disso v 
in 4 c.c. of saline and filtered through a sterilising Seitz filter pad (3-5 
diameter) to avoid possible infection. This extract failed to 
reticulocyte response. That the active matter was adsorbed on to the 
pad was shown by preparing the extract in the same ■way, but injectmg 
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ISO-AGGLUTINiN TITRES IN HETEROSPECIEIC 
PREGNANCY 

' Geokge HABVEr Smith 

From the Pathology Pepartmentt University of St Andretvs and 
Royal Infirmary, Dundee 

The discovery of the rhesus foctor (Landsteiner and Wiener, 1940) 
and its association with hiemolytio disease of the newborn (erythro' 
blastosis foetab's) (Wiener and Peters, 1939-40 ; Levine, Katzin and 
Burnham, 1941) have renewed interest in the older theories of Diensfc 
(1906) and Hirazfeld (1928), that an incompatibility between the 
iilood of mother and foetus might be responsible for toxaemia of 
pregnancy and much neo-natal mortality and morbidity. Thus, as 
early as 1005, the possibility that maternal iso-immunisation might 
be a factor in certain morbid conditions during pregnancy and the 
neo-natal period was recognised, but Dienst later retracted his views 
(1008) and the theory was discarded until Ottenberg (1923) reopened 
the question. Bitszfeid, reviewing the early work, used the terms 
heteroapecific and homospeoifio pregnancy. By heterospeoifio preg- 
nancy be meant a pregnancy where the Child was shown to have a 
blood group different from that of the mother, while by homospeoific 
pregnancy he meant one where the blood groups were the same- 
Later these terms were used in a narrower sense, a heterospeoifio 
pregnancy being defined as one in which the child exliibited a blood 
group antigen of the ABO system which wos absent from the maternal 
red cells (Levine, 1943). This occurs in about one in five pregnancies, 
and in all such cases the mother’s serum must contain an iso-agglutiniii 
which can react with the child’s cells in vitro, e.g. a group 0 mother 
with a group A foetus has both a and p in her serum. We shall use thO 
term in this restricted sense throughout. 

With the discovery that Bh incompatibility is responsible for a 
very high proportion of cases of haemolytic disease of the newborn, 
attention was directed towards the possibility that ABO group 
incompatibility might be the setiological factor in cases in which Eli 
incompatibility could not be demonstrated. Observations by Boorman, 
Bodd and MoUison (1942) support the idea that anti-A or anti-B 
agglutinins may occasionally cause the destruction of foetal erythrocytes 
of group A or group B respectively, and thus be the chief mtiologioal 
factor in Some cases of erythroblastosis foetalis. 

rovRS. or path.— Tea. mi lis H 
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It is supposed that, where incompatibility exists, iso-immunisation 
of the mother takes place by the abnormal passage either of foetal 
erythr'Tcytes or of soluble group-specific substances present in the 
foetal tissue fluids through the placenta into the maternal circulation. 
Some explanation is of course necessary for the fact that the presence 
of natural auti-A or anti-B agglutinin in the serum of a mother 
carrying a baby of group A or B does not usually lead to any 
abnormality in the baby, whereas the presence of immune anti-Eh 
agglutinins is often associated with erythroblastosis in the Bh-positive 
infant. Wiener has suggested that it is because the Rh factor is 
found only in the er 3 rthrocytes, whereas the A and B group-specific 
substances are present in aU the body tissues and secretions in the 
majority of individuals whose erythrocytes contain the A or B 
factor ; they therefore neutralise any a or j3 passing into the foetus 
and thus protect the erythrocytes fi:om damage. Boorman and Dodd 
(1943) have, however, shown that the Rh factor is also present in the 
tissues and saliva, although in much smaller quantities than in the 
erythrocytes. 

Since by heterospecific pregnancy we mean one in which the 
foetus carries a dominant blood-group gene absent from the maternal 
genetic constitution, the different combinations of blood groups 
which constitute a heterospecific pregnancy are as shown in table I. 

Table I 


Reterospedfic pregnancies 


Blood group or mother 

Blood group of child 

0 

A, B 

A 

AB, B 

B 

AB, A 

AB 

No heterospecifics 


Theoretically, if iso-immunisation occmn in heterospecific pregnancy 
in a group O mother with a group A foetus, stimulation of maternal 
antibodies should occur, i.e. a group A foetus might be expected to 
exert an antigenic action in the mother and this might be capable of 
detection by an increase in the titre of anti-A (a) agglutinin in the 
maternal serum. It is known that such a phenomenon occurs m ® 
group 0 person accidentally transfused with group A cells, ^nd 
sometimes after the administration of group A serum or plasma 
(Aubert et al., 1942). In order therefore to determine if this occurs 
in heterospecific pregnancy, we decided to test samples of serum at 
intervals during pregnancy, and to estimate the agglutinin titres o 
those samples throughout and following the pregnancy. 

The material used ’was obtained from primiparse attending the 
clinic of the maternity hospital, primipar® being chosen in order that the c 
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of any previous pregnancy could not confuse the issue. The first sample was 
usually obtained about the end of the third or beginning of the fourth month 
of pregnancy, i.e. when the patient first attended. Samples obtained at fort* 
nightly intervals and later at monthly intervals were considered sufficient ; 
in some, only one sample was obtained at the first attendance and a furtlier 
sample just after the confinement. Tho mother was asked to report back, 
where possible, in about six weeks, in order that a further sample could be 
obtained in the puerperium ; in a few coses a sample of inatemal serum was 
also obtained as long as a year after the confinement. 

Procedure 

1. The maternal blood was grouped, and in nil cases the presence or absence 
of the rhesus factor was noted. 

2. The agglutinin litres of tho maternal serum were estimated, using at all 
times the technique described below. 

3. The patient's ante-natal card was stamped with tho blood grouji and, 
when she was admitted in labour with such a stamped card, a sample of lunbilical 
cord blood was collected in a hcparinised bottle at the time of delivery and 
submitted to the laboratory for grouping. 

A sample of blood from the mother was taken soon after the completion of 
labour. \Vlien obtaining samples of cord blood for grouping, care must be taken 
not to squeeze tho cord lest the fcctal blood become contaminated with 
Wharton’s jelly and false agglutination results occur. It is also essential that 
tho sample be not contaminated with blood from the surface of the placenta. 
In one instance a cord sample appeared to give the reactions of group AB 
cells ; the mother had been proved to be group 0 and further investigation 
showed the child to belong to group B. The cord blood had been inadvertently 
contaminated with maternal blood in the labour room, with the result that 
the p agglutinin of the mother’s serum had agglutinated the child’s B cells, and 
therefore the cells were already agglutinated when the typing sera wet© added 
to the cell suspensions. If any doubt arises, the child’s blood group should 
be verified from a sample obtained by puncturing the heel. 

MetJiod of titrating the vmtcmal serum. Serial dilutions of serum were made 
as follows. An initial dilution of 1 : 10 was made by mixing 0*1 o.c. of serum 
with 0-9 c.c. of isotonic saline solution ; of this 0-05 c.c. was transferred to a 
^ube containing 0*05 c.c. of isotonic salMe, giving therefore a dilution of 1 : 20 
and so on by doubling dilutions until a final dilution of 1 j 320 was obtained. 
If this titre was exceeded, the titration was repeated up to 1 : 6120 or more 
if necessary. To each tube was added 0*05 c.c. of a woslied suspension 
(2 per cent.) of pooled A or B cells (whichever agglutinin titre was being 
estimated). Pooled cells from 4-0 dififeront people were used to obviate any 
variation in agglutinogen content of tho cells. Controls of these pooled cells 
in saline were put up every time now cells were used, together with standard 
serum controls. Tho tubes were allowed to stand at room temperature for 
2 hours, after which readings were made and the agglutinin litres thus estimated. 
During the investigations this procedure was rigidly adhered to. Tlie method 
and notation nro very similar to those recommended in tho Medical Research 
Council Report on blood grouping (1943). 


Results 

It was generally found that during heterospecific pregnancy there 
was a distinct rise in the maternal agglutinin titre corresponding to 
the child’s blood group. At the same time, in group 0 mothers, tho 
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titre of the Other agglutinin showed a slight rise towards the end of 
term. These phenomena are comparable with the specific and non- 
specific rises in agglutinin titre which occur when a person who has 
been pre\’iously immunised against Bact. typhosum, paratyphosum A and 
paratyphosum B is infected with Bact. typliosum, the specific antibody 
shoTOng a steep rise together ndth a slighter rise in the paratyphosum A 
and B agglutinins. In contrast, the cases of homospecifio pregnancy 
examined, ydth one exception, showed no such rise of agglutinins. 
The one exception was a group O mother with a group 0 baby 
(case 7884), in which there was a rise in the a titre of the maternal 
serum along with a less steep rise in the )3 titre. No explanation for 
this is available at present, except that the child may have been 
a weakly reacting sub-group A 3 whose agglutinogen was not 
demonstrable with ordinary grouping sera, but was sufScient to 
cause an immune reaction in the mother. 

The cases shown in detail in table IV are selected from a number 
of cases investigated, the total figures being given in table II and 
the findings in all heterospecific eases in table III. 


Tabue II 

Changes in agglutination titre in mothers’’ serum in 
relation to type of pregnancy 



Number of cases 

Type of pregnancy 


Agglutination titre 


Total 





raised 

not raised 

Heterospecifio 

46 

40 

6 

Homospecifio 

164 

1 

163 

Total 

200 

41 

169 


Absence of iso-immunisation in heterospecific pregnancy 

It will be noted (table III) that in six cases of heterospecil 
pregnancy no rise in the maternal agglutinin was detected and r 
explanation for this difierence in behaviour was sought. As regar( 
the mechanism of production of the iso-agglutinin changes, it 
suggested that the group-specific substances are absorbed from tl 
foetus into the maternal circulation in a high proportion of case 
This might be due either to escape of foetal blood into the mateni' 
circulation or to the passage of soluble substances across the placent 
It has been shown by Schiff and Sasaki (1932), that in 75-80 per cen 
of the population group-specific substances are present in the tissuf 
and body-fluids in demonstrable amounts, wlule in the other 20-2 
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per cent, tliese soluble substances arc absent. Sohiff showed that 
the two classes of individual could be readily recognised, the method 
depending uJ)on demonstrating the presence or absence of A or B 

TAnt.E HI 


Cases of hoicrospecijic pregnancy investigated 


2 To. 

Blood 

group 

of 

mother 

3lh 

Agglutinin tltro In 
early pregnancy 

Agglutinin titre afUr 
delivery 

Blood 

group 

of 

baby 

Bh 

Secretor 
ot. , 

non-secretor 

AnU-A 

AntJ-B 

Antl-A 

Antl-B 

1 

0 

+ 

1 :320 

1 : 160 

1 : 2500 

1 :320 

A 

- 1 - 

S 

2 

0 

4* 

1:640 

1:60 

1 : 640* 

1 i 80* 

A 


N 

3 

0 

+ 

1:80 

1 :20 

1:5120 

1:80 

A 


S 

4 

0 


1 : 80 

1 :40 

1 : 1280 

1 : ICO 

A 

— 

S 

5 

0 


1:320 

1 :20 

1 : 320* 

1 : 20 * 

A 


N 

6 

0 


1:40 

1 : 80 

1 :80 

1 : 2500 

B 


S 

7 

0 


1:80 

1 : 80 

1 : 160 

1 : 2560 

B 


S 

8 

0 


1 : 40 

1:160 

1:80 

1 : 6120 

B 


s 

0 

0 


1 : IGO 

1 : 80 

1 : 100 

1 : 2560 

B 

4 . 

s 

10 

0 

+ 

1:80 

1 ;40 

1:80* 

1:40* 

B 

+ 

N 

11 

0 


1 : 160 

1 :40 

1 : 1280 

1 : 60 

A 


s 

12 

0 


1 ; 640 

1 : 40 

1 : 2360 

1 : 80 

A 


s 

13 

0 


1:80 

1 : 160 

1 :160 

1 : 1280 

B 

+ 

... 

14 

0 


1 : 100 

1:80 

1 : 2500 

1:320 

A 

4* 

... 

15 

0 


1:320 

1 :80 

1 : 1280 

1:80 

A 


... 

16 

0 

+ 

1 : 160 

1:80 

1 : 1280 

1:320 

A 

+ 

. 

17 

0 

+ 

1 : 100 

1:80 

1:640 

1:80 

A 


. 1 

18 

0 

4- 

1:320 

1:320 

1:320 

1 : 1280 

B 


,, 

19 

0 

+ 

1 : 100 

1:20 

1 : 160 

1 : 640 

B 

_ 

s 

20 

0 

+ 

1:80 

1:20 

1 : 100 

1:640 

B 

+ 


21 

0 


1:80 

1 : 160 

1 : 160 

1 *.-640 . 

B 



22 

0 


1 : 100 

1 :320 

1 : 160 

1 : 1280 * 

B 

.... 


23 

0 

+ 

1:320 

1 :320 

1 :320 

1 : 8000 

B 



24 

0 

+ 

1 : 320 

1 ; 100 

1 : 2560 

1:160 

A 

+ 


26 

0 

+ 

1:320 

1 : 80 

1 : 2500 

1 : 100 

A 

+ 


20 

0 

+ 

1 :320 

1 :20 

1 : 320* 

1 : 20 * 

A 

-f 

N 

27 

0 

+ 

1 :40 

1 : 20 

1 :S20 

1:20 

A 



28 

0 

+ 

1 :320 

1 : 160 

1 : 2560 

1 : 100 

A 



20 

A 

— 


1:20 


1 : 640 

AB 


s 

30 

A 

— 

... 

1:80 


1 : 1280 

AB 


6 

31 

A 

— 


1:20 


1 : 20 * 

B 

■f 

N 

32 

A 

— 

... 

1 : ICO 


1 ; 1280 

B 


iS 

33 

B 

+ 

1:20 


1 ; 20 * 


A 


K 

34 

B 

+ 

1 ; 160 


1:640 


AB 

+ 


35 

B 


1 :320 


1 : 1280 


A 


S 

36 

B 


1:160 


1 ; 040 


A 

4- 


37 

B 


1 :320 

... 

1 : 2660 


AB 

+ 

s 

38 

B 

+ 

1 : 160 

... 

1 : 2000 


A 

4- 


39 

B 

+ 

1:80 


1 :640 


A 

•f 

s 

40 

0 

— 



1 : 2560 

1 : 40 

A 


s 

41 

0 

+ 

1 : 20 

1:20 

1 :40 

1 : 640 

B 

4 - 


42 

0 

4 * 

1:20 

1:40 

1:320 

1 : 40 

A 

4 - 


43 

0 

+ 



1 : 320 

1:40 

A 

4- 


44 

0 

4 * 



1 : 12800 

1 : 640 

A 

4 - 

s 

45 

0 



... 

1 :040 

1 ; 1280 

B 



40 

A 



1 :20 


1 : 640 

B 

- 

... 


• 2»o rise In Ult«. 


substance in the saliva from its ability to inliibit anti-A or anti'B 
agglutinin in appropriate serum. Scliiff noted that the concentration 
of group-specific substances was much greater in saliva than in serum 

joras. OP PATH.— VOL. tvn 2 2 
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Tabve IV 


Details of examples of heterospecific and homospecific pregnancies 




Blood groups 

Agglutination titres in mother’s serum 

Case 

no. 

Age 

(years) 



Eelatlon to confinement 





Mother 

Baby 



Anti-A 

Anti-B 



Before 

After 





6 

20 

0, Rh- 


98 days 


1:40 

1:80 




Secretor 

77 .. 


1:40 

1 :80 





49 „ 


1 :40 

1:80 





21 •„ 


1:80 

1 : 2560 






2 days 

1 :80 

1 : 2560 






35 „ 

1 : 80 

1 :640 






357 „ 

1:40 

1:160 

7 

24 

0, Rli4- 

B, Rh+ 

126 days 


1 : 80 

1:80 




Seoretor 


4 days 

1 : 160 

1 : 2560 






21 „ 

1 : 160 

1 :640 






350 „ 

1:80 

1:320 

5 

21 

0, Rh- 

A| Rh-f- 

84 days 


1 : 320 

1:20 




Non-aecretor 

6 days 

1 :320 

1 :20. 






364 „ 

1 :320 

1:20 

10 

36 

0, Rh+ 

B, Rh+ 

66 days 


1 : 80 

1:40 




Non-aecretor 

28 „ 


1 : 80 

1:40 






3 days 

1 : 80 

1:40 






364 „ 

1 : 80 

1:40 

29 

23 

A, Rh- 

B, Rh- 

133 days 



1:20 




Seoretor 

27 „ 


— 

1:160 






5 days 

— 

1 :640 






308 „ 

“ 

1:160 

38 

21 

B, Rh+ 

Aj Rii-f-* 

91 days 


1 : 160 

— 




No secretor 

63 „ 


1:320 

— 




tests available 

56 „ 


1:320 

— 






3 days 

1 : 1280 

— 






21 „ 

1 : 2560 

— 

7972 

37 

0, Rh+ 

0, Rli-]- 

126 days 


1 : 80 

1:80 





112 „ 


1 : 80 

1:80 





42 „ 


1 : 80 

1:80 






4 days 

1:80 

1:80 

7871 

20 


B, Rh-h 

126 days 


1 :40 

- 





105 „ 


1 :40 

— 





77 „ 


1:40 

— 





66 „ 


1 :40 

— 





14 „ 


1 :40 

— 






3 days 

1:40 


7921 

18 

B| Rli-f* 

0, Rh-h 

112 days 


1:320 

- 





63 „ 


1 : 320 

— 






2 days 

1:320 







28 „ 

1:320 


7884* 

22 

0, Rh+ 

0, Rli"{- 

196 days 
140 „ 

105 „ 

77 „ 


1 : 320 

1 :320 

1 : 640 

1 : 2560 

1:320 

1:320 

1:320 

1 : 320 





49 „ 


1 : 2560 

1:320 






4 days 
35 „ 

1 : 2580 

1 : 1280 

1:640 

1:640 


• Exceptional case noted In the text. 
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and he appropriately named the two classes secretors and non-secretor5. 
It will be observed that the proportion of mothers who failed to show 
iso-immunisation in the above group is approximately 13 per cent. ; 
in such a small series this is sufBciently close to Schiff’s 20 per cent, 
of non-secretors to make it worth while determining whether in fa</t 
the two groups coincided. Accordingly at a later date samples of 
saliva from a number of babies previously examined were tested to 
determine whether or not they were secretors. 

Technique. The technique used is a modification of that described by 
Wiener (1943, p. 278). A sterile swab of absorbent cotton-wool is mserfced 
below the infant’s tongue and allowed to become thoroughly saturated with 
sahva. The swab is then soaked in 0*6 c.c. of isotonic saline for one hour at 
room temperature and heated for 20 minutes at 100® C. m a water bath to 
destroy the enzymes present, Finally the fluid is expressed from the swab and 
added to 0*6 c.c. of the test serum. The mixture of saliva and serum is allowed 
to remam at room temperature for two hours, after which the agglutinin titr^s 
ore dgaui assessed by the method previously described for maternal sera 
Definite reduction m agglutinin titre indicates the presence m the saliva of 
A or B group specific substance, while, conversely, failure of the sahva to reduO® 
agglutmm titre mdicatea their absence. A group O serum of suitable a and P 
agglutmin titre was first used, but later when the supply of this serum failed a 
nuxture of equal parts of anti A and anti B grouping was prepared. It Js 
important that a serum mixture prepared m tins way be left until a constar^t 
ogglutinin titre is reached, os inhibition of a and ^ agglutinin by A and B 
soluble group specific substances m the serum may occur. Control titrations 
of the serum mixture alone were carried out each tune the mixture was used. 
The use of the mixture of a and ^ agglutmms was convenient, ns the amount 
ot sahva avafiable Jrom mSanls is very small. j 

By this method, secretors and non-secretors may be distinguished. 
The results (table V) demonstrate tliat saliva obtained from the 
18 infants whose mothers showed rising iso-agglutinin titres had a 
definitely inhibitory effect on the test serum, while samples from 6 
infants whose mothers failed to show a rising titre dunng pregnancy 
(see tables II and III) had no such effect. Controls from group 0 
individuals also failed to show any inhibitory action. These result‘3 
may be taken as evidence that the infants who produced isU- 
iminunisation in the mother were secretors, those not causing 
iso-immunisation non-secretors. 

Discussion 

From the foregoing results it is apparent that iso-immunisation 
of the mother in hetcrospecific pregnancy is very frequent and that 
a substantial rise in the corresponding iso-agglutinin titre is generally 
found. Since this phenomenon appears regularly when soluble 
group-specific substances are present in the infant’s saliva and fails 
to appear when they are absent, it is suggested that iso-immunisation 
is normally brought about by the passage of soluble group-specific 
substances across tlie placenta into the maternal circulation, and 
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Table V — Results of titration of samples of the same test serum after 
two hours’ absorption with saliva from babies 


(Case numbers correspond with those of table III) 































































heterospecific pregnancy 


in 

'■not, as has hitherto been supposed, by the leakage of foetal blood. It 
is therefore unnecessary to postulate defects in the placenta in 
explanation of the observed facts. Such defects may, however, 
occasionally occur and may be the explanation of the very high titres 
observed by Boorman,^ Dodd and Mollison (1944). In such cases, • 
■\vhere enormous amounts of iso-agglutinin are formed, it may be 
supposed that the quantity of soluble group-specific substance in the 
foetal tissue fluids is insufficient to protect the foetus against the 
harmful antibody passing through the placenta from the maternal 
to the fcetal circulation and, accordingly, that haamolytio disease 
of the foetus may result from ABO incompatibility. 

SOMMABY 

The iso-agglutinin titres of 200 primiparse were quantitatively 
assessed tliroughout pregnancy and the puerperium. Of these, 46 
were heterospecific and 164 homospecific pregnancies. Forty of the 
hoterospeoifio cases showed distinct evidence of iso-immunisatiou, 
exhibiting a rising agglutinin titre corresponding to the antigen in 
the child’s blood. There was no evidence of any harmful effect upon 
the oliild in this aeries. The homospeoific pregnancies, with one 
exception, failed to show any gross change in agglutinin titres during 
pregnancy. 

The saliva from 24 of the children was tested for inhibitory powers 
against anU-A. and anti-B sera, and were thns divided into seeretcss 
and non-seorotors. The mothers who failed to show a rising titre, 
although the pregnancy was heterospecific, had non-socretor children, 
while the children shown to be secretors produced iso-immunisation 
of the mother. The suggestion is therefore made that iso-immunisatiou 
is usually due to absorption by the mother of group-specific substances 
from the foetus in uiero. 

I should like to thank Professor P. F. Coppell for his very valuable 
suggestions, advice and criticism during tho progress of this investigation. 
I am indebted to Professor hlargaret Fairlie for access to the clinical material 
and to the staff of the Maternity Hospital, Royal Infirmary, Dundee, for their 
helpful co-operation. To Dr Marjory N. McFarlano my thanks ore duo for the 
Rh determinations and for help in grouping cord blood samples. 
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576 .'851 . 21 (Group K Streptococcus) : 616 . 126 . 3 — 002 

'A NON-HASMOLYTIC GROUP K STREPTOCOCCUS 
FROM A CASE OF ENDOCARDITIS 

J. L. Penistau 

From the Emergency Medical Service Laboratory, Bangor, N, Wales 

The organism here deacribed waa isolated from the blood stream of a 
case of bacterial endocarditis ; because of certain anomalous character- 
istics it was fully investigated and found to be a non-hajmolytic 
streptococcus belonging to Lancefield’s group K. 

Case history 

The patient (Ll-H), a farmer aged 50 years, gave a history of 
6 weeks malaise and fever and of left-sided abdominal pain for 2 weeks 
before admission to hospital. His appetite had been poor and he had 
lost some weight. There was no previous history of heart disease 
or of any other relevant illness. 

On examination he was pyrexial, but physical signs were few and 
inconclusive. During the 10 weeks he was under observation, however, 
the full clinical picture of subacute bacterial endocarditis developed, 
with varying organic cardiac murmurs, splenomegaly, cutaneous 
petechia) and ha)maturia. A non-ha)molytio streptococcus was 
isolated by blood-culture on eight occasions over a period of 62 days. 
On the first occasion no colony count was made, but from the lateV 
cultures 13, 7, 22, 13, 34, 7 and 8 colonies per c.c. were obtained. 

Intensive treatment with sulphathiazole and sulphadiazine. was 
unsuccessful and penicillin was not available. He was discharged 
home two weeks before death and a post-mortem examination was 
resolutely refused by the relatives. No primary focus of infection was 
discovered and there was no evidence of any congenital or previously- 
acquired heart disease. The Kahn test was negative. That the 
■organism was causally connected with the patient’s illness is suggested 
not only by its repeated isolation from the blood stream, but also 
by the presence in the senun of specific agglutinins to a titre of 
1 : 10,000. The streptococcus was not agglutinated by normal serum 
in dilutions of 1 ; 25 to 1 ; 250. 

Bacteriological findings 

The organism was first regarded ns an enterococcus, but as it 
failed in many respects to conform to the accepted criteria (Sherman 
1038 ; Ehrismnnn, 1943 ; Bantz and Kirby, 1943) of the /cccalis-laclt.! 
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group, it was examined serologically and found' to be a group K 
strain.' This was confirmed in a second laboratory with grouping 
serum from a different source. , 

The cultural and biochemical properties of the strain ^vere therefore 
examined and compared with Hare’s (1935) description of haemolytic 
group K strains, and with the foecalis-laciis streptococci. 

Morphology. The organisms are small cocci about 0-5 /i in 
diameter, growing in broth in pairs, small clumps and short chains. 
When paired they tend to be lanceolate. Both chain formation and 
the lanceolate shape become less frequent after many subcultures. 

Ho capsule is detectable in young (4-6 hour-) or older cultures. The 
cocci are non-motile. Gram-positive and non-acid-fast. 

Growth requirements. Growth is good on simple media and is not 
improved by the addition of blood or serum. Optimum temperature 
is 37° C. ; growth is negligible at room temperature and very poor 
at 46° C. The organism is an aerobe, and a facultative anaerobe; 
growth is not affected by increased COg tension. 

Cultural characteristics. On agar the colonies are small, slightly 
opaque and colourless, with a wavy edge and fine striations radiating 
outwards from a slightly raised central cone. After 18 hours the 
colonies are barely visible to the naked eye, but after 4 or 6 days 
they attain a diameter of up to 2 ram. No haemolysis occurs on 
sheep or horse blood agar aerobically at 87° C, or at room temperature, 
or anaerobically. When first isolated cultures in broth and serum 
broth showed an easily dispersable finely granular deposit, with a 
faintly turbid supernatant. After a few subcultures a diffese turbidity 
above a similar deposit appeared and has since remained a constant 
characteristic. In 0-2 per cent, glucose broth there is turbidity with 
a heavy flocculent deposit, and floccules adhering to the side of the 
tube which are easily detachable by light shaking. On MacConkey 
agar the organism grows as small red pin-point colonies. On one 
batch, made with inferior peptone, no growth was obtained. & 
gelatin there is no growth at room temperature and growth but no 
liquefaction at 37° C. Shake cultures in glucose agar show throughout 
the medium lenticular colonies up to 1 mm. diameter in 48 hours. 

The cocci are killed in less than 10 minutes at 60° C. and survive ^ 
up to 3 months on agar at room temperature. j 

Biochemical reactions. Acid but no gas is produced in sesculin, j 
dextrin, fructose, galactose, glucose, glycogen, inulin, lactose, maltose, 
mannitol, mannose, raffinose, salicin, starch, sucrose and trehalose, j 
There is no fermentation of amygdalin, arabinose, dulcitol, erytlmtoji i 
inositol, rhamnose, sorbitol and xylose. Litmus milk is acidineui 
clotted (acid type) and slightly decolourised. Voges-Proskauer te- 
is negative, methyl red test positive. Indole is not formed. There is 
no hydrolysis of sodium hippurate ; the pH attained in 1 per ' i 
glucose broth is 4*2 : there is no reduction of Od per cent, methyleue 
blue in milk. The organism is not bile-soluble. Growth is slight m 
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10 per cent, and absent in 40 per cent, bile salt broth and very poor 
in 6-6 per cent. NaCl brotli. There is no growth at pK 9-6. S— and 
0— hsemolysin, fibrinolysin, catalase and coagulase are not produced. 

Dmg resistance. There was no inhibition of growth in p-amino- 
benzoio acid-free broth containing 100 mg. of sodium sulphathiazole 
per 100 c.c., or in a ditch plate preparation. Using home-made crude 
penicillin, the organism appeared slightly less sensitive than the 
Oxford staphylococcus by the agar oup technique and was inhibited 
up to 1 : 32 dilution of the filtrate as compared with 1 : 64 for the 
staphylococcus. 

Pathogenicity. 0-^ e.o. of an 18-hour brotli culture failed to kill 
a mouse after intraperitoneal inoculation. 

The characteristics of tliis streptococcus, of Hare’s group K 
streptococci and of the fcecalis-Iactis group are compared in the 
accompanying table. 

Tabue 


Comparison of strain X/t-H, oroitp 1C and laicahs-lactis streptococci 





Strain U-U 

Group K 
(Uare) 

eroup 

Chain fonnation 






Heomolysis on blood agar 




+ 

4- 

Growth in 40 por cent, bile broth 




— 

+ 

„ „ 0*6 por coat. NaCl . 





+ 

„ at pH 9*6 . 





+ 

.. .. 45* C. . . . 

Heat resistance 





+ 




— 

4* 

Reduction of methylene blue . 








4*2 

5-2.6*4 

4*2.4*7 




-r 


4* 

.^susUi ,, 





w 

Lactose „ 



j. 

+ 

+ 

Mannitol ,, 



4 - 

4, 

ItafTmose „ 



+ 


_ 

Salicin 



+ 



Sorbitol „ 




_ 

+ 

Sucrose „ 



+ 



Trehalose „ . , 





— 


± indicates that hiemolysis, fermentation of the sugar or ciiain formation by 
Btrains tmtiiin the group ia inconstant. 


• One strain la 8 fermented trchaloie. 


DiSC1(SSio?l 

It is endent from these data that the coccus resembles Haro’s 
group K strains much more closely than it does the fcBCalis-lactis 
group. According to both Sherman and Ehrismann the most reliable 
criteria of ontcrococci are their ability to grow over a wide range of 
temperatures, at a pK of 9-e and in 6-5 per contaNaCl broth. Bantz 
and Kirby consider good growth in 6-5 per cent. KaCl broth and in 
0*1 per cent, methylene blue in milk adequate criteria. The coccus 
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fulfils none of these, nor does it resemble the a-hsemolytic strains of 
bovine origin. It differs from the eight strains described by Hare 
in the pK produced in glucose broth, in its fermentation of mannitol 
and in the absence of hmmolysis on blood agar. The biochemical 
activity of group K streptococci, however, cannot be regarded as 
weU defined on the basis of a study of eight strains, but the lack of 
hsemolytic action raises questions of considerable importance. 

Apart from variability of hsemolysis by group D streptococci, 
which include about 60 per cent, of all fcecalis-lactis strains (Rantz and 
Kirby, 1943 ; Lancefield, 1940-41 — according to Sherman all the 
enterococci except Str. lactis), it is becoming increasingly recognised 
that non-hsemolytic strains and variants do occur in most of 
Lancefield’s groups. Noel (1934 a and b) claimed to have converted 
haemolytic streptococci into “ enterococci ” by culture in increasing 
concentrations of urine, but his protocols are inadequate and hardly 
convincing. Todd (1928), however, had already observed the 
occurrence during animal passage of non-hsemolytic variants in two 
strains of ^-haemolytic streptococci from cases of puerperal sepsis, 
but he was able to show that under anaerobic conditions haemolysin 
was stiU formed. Later (1934) he showed that the oxygen-labile 
streptolysin is peculiar to group A strains. More recently Cobum 
and Pauli (1941) described an epidemic spread by carriers of non- 
hsemolytic group A streptococci and found that hsemolysis might 
occur only during growth at 22° C., while Colebrook et al. (1942) have 
described an outbreak of wound infection due to non-haemolytio 
group A strains. Out of the 13 strains isolated none produced soluble 
haemolysin, but 11 (aU type 12) showed a-haemolysis on a different 
batch of medium, and 9 of these and one other produced oxygen- 
labile hsemolysm anaerobically. This phenomenon was not related 
to the green variation described by Pry (1933) and Puller and 
Maxted (1939). 

Among group B strains haemolytic activity is very variable 
(Stableforth, 1932 ; Lancefield, 1934). In group C non-haemolytic 
strains have apparently not yet been described. Among the remaining 
groups “ certain non-hemolytic or doubtfully hemolytic strains are 
sometimes encountered, particularly in groups H and K ” (Lancefield, 
1940-41), but no other reference to such group K strains has been found. 

The strains originally described by Hare were derived from routine 
throat swabs and were not considered to play any pathogenic role m 
the patients from whom they were isolated. Wheeler and Poley 
(1943), however, in a study of “ several thousand strains ” of hsemolyti<! 
streptococci, found group K strains in four cases of sinusitis and in 
one of brain abscess. Of the cases of sinusitis three were members ot 
the same family ; in the fourth the organism was present in pur® 
culture. All five patients recovered, and Wheeler and Poley did not 
consider that the mtiological significance of the strains was clearly 
established. The importance of the present case, therefore, lies not 



OnOUP K STPEPTOCOCCAL ENDOCARDITIS 127 

only in the further demonstration that hsemolysis is not a safe primary 
criterion for classifying streptococci (as Colebrook remarks, we badly 
need some other pointer), but also in showing that a group IC strepto- 
coccus may have sufficient virulence to produce bactoriiemia and 
endocarditis in man with fatal results. Moreover, it is possible that 
many non-hjemolytic strains now generally dismissed as probable 
members of the fcEcatisIactia group will be found serologically to 
belong to Lancefield’s groups. The recent isolation, during the writing 
of this note, of another non-hacmolytic group K strain — ^the pre- 
dominating organism in pus from a cerebral abscess secondary to 
frontal sinusitis, though its fotiological significance was not established 
— blends weight to the belief that a constant lookout for such strains 
might well be rewarded, and as serology is a more reliable guide than 
hajmolyais from an epidemiological point of view — and possibly 
therapeutically — the question may be of more than academic 
importance. 


Summary 

A non-hjcmolytic group K streptococcus isolated from a case of 
subacute bacterial endocarditis is described. Comparison is made 
between tliis organism, b®molytio group K strains and non-hsemolytio 
streptococci of the /(ccalie-laclia group. The implications of the 
findings are discussed. 

The madia, uaad Tjrata auppliad by tha ‘Loudo'cv County Gounail Sautharo. 
Group Laboratory, with tho exception of cortain sugars wliich wore made up 
in L.C.C, peptone water and the nutrient agar on which the absence of hsamo- 
lysis was confirmed, L.C.C. digest broth was used as tho base for the various 
special broth media. 

Thanks are due to Professor S. P. Bedson and Dr 0. F. Barwell for help 
and advice, to tho staff of tho Vetorinary Department of tho TJniversity CoUeg® 
of North Wales and to Dr Dora Colebrook for grouping tho streptococcus, and 
to Dr Emyr Jones, Medical Superintendent, County Hospital, Bangor, for 
information on tho clinical aspects of tho case. 
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THE LIEE-SPAN OF THE RED CELL IN MAN 

Sheila. T. Callendbh, E. 0. Powell and L. J. Wrrrs 
From the Nujfield Department of Clinical Medicine, Oxford 

The methods which have heen applied to the determination of tlio 
life-span of red cells have so far given altogether discordant results 
and the rationale of every one of them is of more or less questionahlo 
validity. Many bibliographies of the subject are available ; Schio(3t 
(1938) gives a useful collection of references which, though neither 
exhaustive nor up-to-date, exemplifies shortly the various techniques 
and numerical results. Our object in this paper is to present data 
on the course of destruction of erythrocytes after transfusion into 
normal subjects, as determined by the differential agglutination 
method of Ashby (1919). We shall show that from them, under 
certain assumptions, it is possible to calculate not merely the average 
life of the cells as they occur na'turally, but also their chance of survival 
for any length of time. 

Survival of transfused red cells in normal subjects 

A considerable body of data on the survival of transfused eells in 
a pathological environment is now available ; about thirty oases have 
been followed in these laboratories (for some of these see Brorvn ct al„ 
1944), To them may be added about ten others described in the 
litoraturs in sufficient detail for quantitative examination. In the 
paper referred to it was shoivn that at least two mechanisms of cell 
destruction might be distinguished and that one of them appeared 
to bo strikingly regular in its action. In many cases the curve 
connecting the number of cells surviving with time from transfusion 
was approximately linear over the latter part of its length, and, 
except in some clinically severe ones, its end-point lay near 100 days. 
This result has been repeatedly obtained by other workers. It was 
tentatively concluded that in normal circumstances the curve would 
he linear throughout and that the regularities observed depended 
on a properly of the transfused cells themselves. The cases which 
have since been investigated have all given results in agreement with 
previous experience. 

Wo now suggest that the linear curve is in fact merely the expression 
of the eiythrooytes being destroyed in the recipient by normal means. 
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SO as to remove in unit time a fixed ftac^on of those introduced at 
transfusion, and we take as the value of this fraction the mean of 
Lj found above, namely 0-0083, i.e. 0-83 per cent, per daJ^ 

The data from these three subjects and also from six hj'pochromic 
ansemias previously investigated were further submitted to Jeffreys’ 
(1939) K-ratio test in order to confirm if possible the hj’pothesis that 
the decay curve is essentially linear (see appendix). Tor this purpose 



Fig. 2. — Survival of transfused erjrthrooytes in a normal recipient (subject III). 

a linear equation was fitted only to those points in each graph for 
which t was more than 25 days, so as to avoid disturbances following 
transfusion. 

Number of graphs imdergoing test .... 9 

Total number of point data involved .... 108 

Total number of changes of sign .... 5^ 

Number of parameters determined &om each graph . 2 

X- = 1*0 

From Jeffreys’ table, K>1. 

The hypothesis of linearity is thus in accord with the available evidence. 


Expectation of life of the red cell 

In this section we deal first with the relation between the obserred 
law of decay of a body of transfused cells and the law of survival 
the individual erythrocyte in an idealised case. The relation is 
expressed in a perfectly general form which necessarily holds 
the assumptions involved are valid. The extent to which they ©a} 
be fulfilled in practice is discussed below. The necessity for ® 
mathematical treatment arises because transfused blood contains 


if 
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cells of every possible age ; the rate of destruction in the recipient 
depends on the effective viability of all these simultaneously. Thus 
the law of survival of the individuals, as a function of their own age 
and not of the time from transfusion, is not directly apparent. 

Let ^(t) be the chance that a cell newly released. into circulation 
will live to an age r at least ; i.e. of a number of cells released simul- 
taneously, a fraction ^(t) will still bo present after time t from their 
“ birth ”. If cells are being introduced into the blood stream at a 
constant rate n per unit volume per unit time, there will always bo ' 
present nji[r)dr cells (per unit volume) which are of an age between 
T and T-fdr. Altogether there are 



cells of all ages, and this is the total count, say Hence from a 
knowledge of Nj and ^(t), n may be deduced, and the true average 
life of the cells is Nj/n. 

Now suppose that some of these cells axe removed to another 
similar system from whose proper cells they are distinguishable, so 
that after dilution they are present in number N„ per unit volume. 
The transfused cells are of all ages, the function giving their age 
distribution being from the above n^Mir/N,. Let time (t) be now 
reckoned from the time of transfusion. At time t in the new era there 
are present a fraction 

n^(t-f-T)<iT/Nj 

of cells which were of age between t and T-fdx at i = 0. So the total 
number of cells surviving is 

This, then, is the relation between surviving donor cells and time 
which is actually measured in our experiments. Let tfie e.xperimentally 
determined law be represented by 

N = N,^(<). 

Then we should have 

m 

whence, by differentiation, finally 



Applying the experimental results we have for the law of decay of 
transfused cells ^ 

N = N.(l— L,(), t.c. <ls{t) = 1— L.( .(i<l/L,) 

= 0 (f>l/L,). 

JOURK. or riTjr.— Toi. iTn _ o 
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Hence for t<1/Ls 


^4(r) 




Now NiLj/w is constant, and since ^(0) is necessarily equal to 1, 

^(r) = 1 (7-<1/L,) 

= 0 ■(t>1/L,). 


That is to say, all the red cells live for a fixed time f , = 1 /L^,, which is 
the true average life, and are then destroyed. On account of the 
variability of biological phenomena, there wiU in practice of course 
be some scatter about f, but it is small, and our experiments are not 
exact enough to determine it. So the law of survival ivill take the 
form of fig. 36, leading to fig. 3a. for the destruction of transfused 
cells. Or otherwise ; the chance of a cell’s being destroyed at age 





Fig. 3. — The ordinates are proportional to 

(o) the number of cells of transfused blood surviving from a time t after transfusion ; 
(6) the chance that a cell will “ live ” for a time t from its release into the blood 
stream ; 

(c) the chance that a cell will be destroyed at a time r after its release into the 
blood stream. 


T is proportional to — d^(T)/d!T, which is the death-rate (fig- 3c); 
most cells are destroyed within a few days of the average life — rarely 
much before or much after. This is the result adumbrated by 


Schiodt (1938). ^ 

The value of has been determined above to be 0-0083 day • 
Hence the true average life of the erythrocyte is about 120 days. 
Taldng the total red cell count (Nj) in normal males as 5-4 
millions /mm®., the mean rate of formation (and destruction) is given bj 



n =5-4xl0Bx0-0083. 


This worlis out at 45,000 cells per mm®, per day, coixesponding tb a 
daily total production of about a quarter of a billion ( 2 - 5 x 10 ^^) ce 
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Agglutinability of young cells 

In order to meet a criticism of tlie Ashby method which is mentioned 
below, the following experiment was carried out. 

In a patient suffering from pernicious ansemia and responding to 
liver therapy the red cell count was 2-56 millions/mm’., of which 
13'4 per cent, were reticulooj’tes. The inagglutinable count, deter- 
mined in the usual way, was 42,000/mm*. The inagglutinable count 
was then re-estimated, the cell dilution being made with citrate 
solution containing three drops of cresyl blue stain in 1 c.c. It was 
found to be 38,000/mm*. The slide shorved that 16*0 per cent, of the 
unagglutinated cells were reticulocytes. The differences are in- 
significant ; the proportion of immune cells is the same among 
reticulocytes as among mature cells. 


Discussion 

Three principal assumptions are made in the above treatment. 
{a) That the rate of production of cells is constant, so that the age 
distribution in donor blood depends only on i/(t). Wliile this is not 
strictly true, it is more nearly so in oim particular experiments, in 
which mixed bloods were used, than if the blood had been derived 
from a single donor on one occasion, (b) That the blood volume 
remains constant in the recipient during the time of the experiment, 
Actually an adjustment of fluid volume takes place during and for 
a short time after transfusion ; only the first few counts are affected. 
Subsequent changes ore no doubt responsible for irregular counts, 
but these are smoothed out in the final results, whose close agreement 
justifies our neglecting minor blood volume changes, (c) That the 
circumstances attending transfusion — storage and concentration of 
donor blood, special properties of the recipient’s circulatory system — 
do not atfect the donor cells in respect of their viability. This cannot 
be proved from internal evidence alone ; in the present experiments 
we have tried simply to give the transfused cells an environment as 
nearly normal ns the technique, will allow. It should be noted hero 
that survival experiments have been carried out in which cells were 
identified by their MN or Rh agglutinin reactions (e.jr. Mollison, 1943) ; 
substantially similar results are obtained whatever system is used. 
It is unlikely that there is any gross error in the identification and 
measurement of transfused cells by the Ashby method. 

The figures we have obtained here for the average life of 
transfused cells are on the whole somewhat higher than those found 
(mean 53 days) in hypochromic nn(emia,.the most nearly normal 
condition previously examined. The difference is statistically 
significant by the i test (probability of a greater divergence less than 
0-02). The influence of sex has not been considered ; our three 
normal subjects were men, while of the six hj'pochromic ansemias. 
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five -were women. Since = mf, and since is lower in women 
than in men, in the former the rate of blood formation must be slower 
or the average life of the cell shorter ; in any case loss at menstruation 
will cause some reduction in f. J^ow in women is about 4-8, 
in men about 5-4 millions /mm^. The ratio is 0'89. Remembering 
that for a linear decay curve t = 2l, the ratio of the average lives 
as indicated bj’- the hypochromic ansemias and by the normal subjects 
is 106/120 = 0'88. This shows that the discrepancy’' can be sufficiently 
accounted for by the difference in sex even if no pathological factors 
are operative, though it is too early to attach any further 'W'eight to 
tliis result. 

Of the methods employed for the determination of the average 
life, those which depend on the estimation of the amount of iron or 
pigment excreted {e.g. Heilmeyer, 1932 ; Bingold, 1930, quoted by 
Schiodt, 1938) suffer from the defect that the amount which is 
reabsorbed after breakdown to form new cells is quite uncertain ; the 
figui'es given vary firom 20 to 200 days. Those which depend on the 
time of recovery from an excess or deficit of cells brought about 
artificially {e.g. Barcroft et al., 1923 ; Scliiodt, 1937) neglect the fact 
that both blood formation and blood destruction must be acting under 
constraint, and the results, usually near 30 days, are almost certainly 
too low — the organism tends -to alter its behaviour in such a way 
as to hasten its return to normality — while also the end-point of the 
recovery period is difficult to determine because it is approached slowly 
and becomes obscured by^ fluctuations in the red cell count due to 
outside causes. 

The method of differential agglutination has the advantage that 
the cells involved were formed in the natural way, and only their> 
breakdown can occur in any unusual manner. It is improbable that 
the destructive agencies would especially favour the survival of tlie 
transfused cells ; if this is so, the figure we have obtained for the 
average life is unlikely to be too great. We know of no more positive 
evidence which conflicts ■with our findings or conclusions. Rous 
(1923) suggested that that part of the stroma which carries (or fails 
to carry) the agglutinogens is not completely destroyed at the cells 
breakdo-wn, but is partly re-utUised in the formation of new ones. 
Thus some of the recipient’s o-wn cells, formed after transfusion, 
will come to possess immunity similar to the donor’s, and the estimated 
survival time will be greater than the true value. It can readily be 
seen, however, that if this took place to any extent, according to a 
simple law, it would result in a decay curve of roughly exponential 
shape ; complicated and quite ad hoc hy^iotheses would have to be 
invoked to account for the linear curve actually found. Again (Raac^ 
1924) it has been thought that the inagglutinable counts are ■vitiate 
by a brnst of erythropoiesis occurring at transfusion, the young cel » 
formed being for a time devoid of agglutinogen. This idea does no 
seem to be based on any evidence. If the phenomenon occurs, it i5 
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difficult to Bco how it could do more tlian disturb the apparent course 
of destruction during a short initial period. Our experiment (p. 135 
above) seems to indicate that it does not happen. 

I Perhaps the most promising alternative method of determining 
the .average life is, in principle, to measure the length of time for which 
the red cell is a reticulocyte ; then, if the proportion of reticulocytes 
among all the red cells leaving the marrow can be found, the average 
life can be calculated from the percentage normally in circulation. 
Some progress in this direction has already been made (Heilmeyer and 
Westhauser, 1932 ; Baar and Lloyd, 1943a). Unfortunately there 
is complete disagreement as to the fraction of reticulocytes among 
newly-formed cells. Heath and Daland (1930) thought that most 
were fuUy matured before leaving the marrow, Baar and Lloyd (1943a) 
that none was. The latter authors deduced an average life of 42 days ; 
in view of their recent criticism of the Ashby method (Baar and Lloyd, 
19436) it should be recognised that this result depends as much on 
their unproved assumption as on the experimental data. 

If more cogent evidence should be brought to show that our 
conclusions are incorrect, it rvill mean that the organism does not treat 
foreign cells in the same way as native ones, and the existence of the 
relation deduced above between the decay of transfused cells and 
the law of survival of the individual erythrocyte will enable the 
aberration to be described quantitatively and perhaps lead to an 
explanation. 


Summary 

1. The survival of transfused erythrocytes has been followed in 
three normal male subjects of group A, from whom blood was removed 
and replaced by blood of group O. 

2. The curve of decay of the transfused cells was linear within 
the experimental error ; their average life was 00 days. 

3. The relation between the decay of transfused cells and the law 
of survival of the individual erythrocyte has been deduced. 

4. It is concluded that red cells all live for approximately the 
same time, 120 days in men, which is the true average life. The 
normal rate of replacement is 0-83 per cent, per da}'. 

6. Other methods of determining the average life are discussed 
and compared. 

We are indebted to Dr G. L. Tnylor of tlio Galton Laboratory-, Cambridge, 
for aupplie-e of sera, and to Stisa Sbeiio Hnbgood and Miss Brigitte Wolff for 
teolmical a.asiatnnce. 
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Appendix 

The appucation of Jeffreys’ K-ratio 
AS A criterion FOR CURVE FITTING 

In some biological investigations, especially those involving hmnan subjects, 
it is not always possible to maintain constant conditions throughout a series of 
experiments of the same type. Wliere the object of the investigation is to 
describe quantitatively the behaviour of one variable (say y) as a function 
of another independent variable (say x), special difficulties may arise unless 
other variables are held constant. Hypothesis may have indicated the form 
of the xmknown function expressing y in terms of x, but the sets of measured 
values of y and x from different experiments will not be superposable if the 
parameters or “ constants ” of the fimction differ in each (the parnmeteis 
represent the mode of entry into the x — y relation of variables not studied). 
Thus, for instance, there may be reason to suppose that the relation between 
y and x is always linear : 

y = ax+b, 

but if the a and b differ in each experiment, the true value of y corresponding 
to a given x will also differ. ^ 

As a test of goodness of fit for curves fitted to data of this class, Jeffreys 
K-ratio is especially suitable and easy in application. If the fitted cun'c is a 
true representation of the underlying law, the deviations of y from the cun'e 
may be assumed to be random ; each is as likely to be positive as negafiv'C. 
Tlie chance of a change of sign of the error on passing from one point to t 0 
next is thus 4. To test the adequacy of fit of the curve we have tliereforo o 
compare the number of changes of sign actually foimd with that to be e^ect 
if the errors are random, for a run of errors of the same sign is indicative o 
systematic departure of the curve from the data. If we write g for the chance 
of a change of sign, then Jeffreys’ K is, roughly speaking. 

Probability that g — I 
Probability that g # 4' 
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In this particular application, where a number of curves of the same type are 
to be tested simultaneously, 

2{Ep -N{m + l)m r . i^P ”2i:c -fN(m 

;; J J7;,-N(m+ir J 

in which N = number of curves 

Ep = total number of point data 

Ec — total niunber of changes of sign of deviations of y 
in — number of constants in the equation to the curv'e determined 
from the data. 

Jefireys’ table of K is entered in exactly the same way as the usual table ; 
Jefireys’ n = 27p— N(m-f 1) 

Jeffreys' ^ 



If for this n, corresponds to a K greater than 1, the random hjTiothesis is 
supported. The typo of cur\’e fitted to the data can then be regarded as 
satisfactory, and it need not be rejected if K is greater than lO'l. As \isunl, 
this only means that an increase in the complexity of the equation is not 
warranted by the accuracy of the data. If x* corresponds to a K less than 
lO'i or (according to the computer’s judgment), a refinement may be 
considered. 
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612 . 292 . ois (B+C) : 612 . 018 . 65]— 06 : 612 . 621 . i . 062 

^ (Matlits) 

THE INTEREELATIONSHIP BETWEEN VITASnNS B AND C AND 
THE FEStALE SEX HOK5IONES IN THEIR ACTION ON THE 
SEX ORGANS OF THE OVARIECTOMISED BAT 

V. Korevcbevsky nnd K. Hall 
From the Lister Institute, London 

(Plate XVH) 

In previous papers we have studied the interrelationsliip between thjToid 
hormone and vitamins. This paper describes tho effects on. the uterus and 
vagina of extra amounts of vitamins B and C administered together with female 
sex hormones. There are only a few papers relating to the subject. Bisldnd 
and GUck (193Gj and Ley (1937a and 6) found that ovaries contain conslderabte 
amounts of ascorbic acid. According to Bishind and Glick» in non-pregnaOt 
cows the corpora lutea contain 0*3'l-4 mg. of ascorbic acid per g. of tissu®» 
and the greater the development of corpora lutea the liigher is the vitamin C 
content. In pregnant cows the corpora lutea contain l-6-2*2 mg. In human 
ovaries Ley has obtained the following figures in mg. per 100 g. : — 11*9 in 
ovaries without ripe follicles and corpora lutea, 23*8 in ripe follicle# 34*5 fe 
corpora lutea menstruationis, 84*4 in corpora lutea graviditatis and 142‘7 in 
corpora lutea graviditatis after administration to the patient of SOO mg. of 
vitamin C on the day before ovariectomy. From all these data Ley concluded 
that the more active the ovaries the greater is their vitamin C content arid 
their need for it. He therefore treated 10 pregnant women who had previously 
suffered from habitual abortion, and, ns he expected, was able to prevent this/ 
Israel and Meranze (1941) attempted to discover the significance of vitamin C 
for pregnancy bj’ means of experiments on infantile normal and ovaricctomisCd 
rabbits and ovariectomised mice and rats. They di\'idod these animals into 
3 groups treated with (a) ccstradiol only, (b) cestradiol and vitamin C and 
(c) cestradiol and progesterone. They obtained more conclusive results in rabbits 
than in mice or rats. Histologically cestradiol -f vitamin C produced progesta* 
tianal changes similer to but quantitatively less pronounced than those produci&d 
by'osstradiolri-progesterone. They therefore concluded that vitamin C has a 
progestational property and fimction. 


Techfiqtje 

Two experiments were ]>erformed on 31 ovariectomised rats, but since the 
same results were obtained in both experiments, the data were pooled. The 
arrangement of tho experiment into G groups, the number of rats in each group 
and the average figures obtained are given in the table. The average final age 
of tho rats was 15G daj’s and the duration of tho experiment was 28 days. 

Treatment was as follows. (Estradiol benzoate-butyrate (8 y) was injected 
into all rats during the first week only, 3 times in tho firet experiment and 
lu 
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t-svice in the second experiment. From the second week the rats of groups I-IT 
■were injected subcutaneously with 0*2 c.c. of pure oil, those of groups V and VI 
with 2 mg. of progesterone dissolved in 0-2 c.c. of oil, in each case 6 times 
a week. 

Tabus 

Effect of the simultaneous administration of vitamins B and C uiidi 
female sex hormones on the uterus and vagina of ovariectomiscd rata 


Rats Injected with (Bstradiol benzoate-butyrate 



alone 

and 

vitamins 

B 

and 

vitamin 

C 

and 

vitamins 

B-i-C 

and progesterone 

and pmsestew 
andvltaimts 
B+C 

1. Uterus (■wt. in mg.) . 

204 

234 

208 

222 

199 

203 

2. Vagina (-wt. in mg.) . 

319 

325 

285 

346 

343 

329 ' 

3. Final body weight (g.) 

275 

261 

264 

238 

282 

271 

4. Epithelial metaplasia 
in uterus 

5 + 

1-f- 

4- 

1 + 

S- 

5— 

5. Frogestation - like 
changes in uterus 

8- 

4- 

1 + 

3 + 

5-f 

5+ 

6. Changes in vagina . 

CEstrous 

CEstrous 

(Estrous 

CEstrous 

Progestational 

Progestetion 

7. No, of rats in group . 

8 

4 

4 

5 

5 

5 

8. No. of group . 

I 

II 

III 

IV 

V 

VI 

.. 


In lines 4 and 5, + = presence, — = absence of metaplasia or progeatation-like 
changes. The number of rats in each group showing these changes is given before 
the -b or — sign. 


Vitamins B were given as follows. Bats of groups II, IV and \T[ received 
bj' mouth, 6 times a week, aneurin 0-48 mg., riboflavin 0'48 mg. and nicotinic 
acid 4-2 mg,, and in addition, 3 times a week, subcutaneous injections of aneunn 
0'56 mg., pyridoxin 0-5G mg. and calcium pantothenate 1-6 mg. 

Groups m, IV and VI received, 6 times a week, 24 mg. of ascorbic acid b}' 
mouth and 2 or 3 times a week 25-30 mg. by subcutaneous injection. 

It is necessary to emphasise that the rats were fed on our usual diet, •which 
already contained an optimal amount of all vitamins. Therefore in these 
experiments the effects of large additional amounts of vitamins B and C 'were 
studied. 


Experimeotai, results 

This paper describes only a histological investigation of the uterus and 
vagina. Other organs will be examined later. Sections were stained wit 
iron hffimatoxj’lin and eosin. 

Vagina 

The weight and histological structure of the vagina showed no differenco 
in groups II-I\* as compared with group I, or in group VI as compared w i 
group V. In groups I-W keratinisation of the vaginal epithelium showed a 
typical oestrogenic effect, while in groups V and VT the epithelial layer was 
mucified (typical progestational effect). , 

Tlierefore in the case of the vagina vitamins B and C did not affect ^ 
cestrous changes produced by oestradiol or the progestational effect of co® 
treatment -with progesterone and oestradiol. 

Uterus 

On the other hand, extra amounts of vitamins administered to rats iojeefe 
with oestradiol (groups H-IV) produced the folio-wing changes in the uterus- 
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Fio. 1. — Ovunectomised rat mjected with 
8 y cEStradiol bonroate-hutjTate 3 times 
only during first week of experiment. 
Lumen without mucosal foldings, high 
epithelium Approximately m middle of 
section, squamous metaplasia in four 
mucosal glands, m two on left of uterine 
lumen completely, and m tho others 
(right of utermo lumen) partially closing 
tho lumen of the glands. Uat 2GG g., 
uterus' 1C3 mg. 



Flo. 3. — Ovnncctomi«cd rat injcotoil with 
<i“<tTadiol beiwoato.hutynvte as m fig. 1, bijt 
receiving during 4 following weeks vitamins 
B and C. Tlie foldings of tlio mucosa and the 
lumen ns in fig. 2, but tho epithelium is high 
ns m fig. 1. Kat 245 g., uterus 248 mg. 



Fio. 2.— Ovnnectomiseil rat injected during first 
week with rrstrndiol benronto^butyrate (ns in 
fig. 1) and during 4 followuig w’ceks with 2 mg. 
progesterone daily G tunes a week. Typical 
progestational changes — foldings of mucosa, low 
cohunnar epitlieluim, uneven enlarged lumen. 
Rat 260 g., uterus 203 mg. 



Fic. 4. — Another, ovanectomised rat 
treated ns in fig. 3. Similar picture, 
hut lumen liko that in fig. I. Rat 210g., 

uterus 200 mg. 


Cross section of uterine hom of rat. x27. 
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1. Squamous metaplasia in the uterine columnar epithelium (the usual 
effect of cDstrogens — fig. 1) was apparently decreased. In the control rats 
receiving ccstradiol alone (group 1) considerable metaplasia of the uterine 
epithelium and uterine glands was recorded in 6 out of 8 rats, while in the 
13 rats of groups U-IV metaplasia of slight degree was found in two rats only. 

2. In 4 out of 9 rats (line 6 of the table) which received oestradiol +vitamin C 
(group m), or oestradiol+vitarains B and C together (group IV) foldings of the 
mucosa were observed (figs. 3 and 4) similar to those in the uterus of rats treated 
with oestradiol +progesterone (fig. 2). It is well established that a combination 
of oestradiol and progesterone causes typical progestational changes in both 
uterus and vagina. The progestational effect of vitamin C on the mucosal 
foldings did not, however, extend to the epithelial structure. The uterine 
opithclimn of a pregnant rat or of an ovariectomised rat injected simultaneously 
with progesterone and oestrogens is low columnar with light vesicular nuclei 
(see figs. 77 and 82 in our previous paper, Korenchevslcj* and Hall, 1937), 
while that of a rat injected with mstrogens alone is very high columnar with 
darkish nuclei (ibid., fig. 83). These changes are constant and typical. 

In the present experiments the uterine epithelium of rats treated with 
cestradiol+ vitamins was of oestrogenic structure (high columnar cells with 
dark nuclei), the mucosal foldings being tho only typical progestational change. 

There was no difference at aU in the progestational changes of the uterus 
between groups V and VI. The “oestrogenic” metaplasia was completely 
prevented by progesterone in both groups (line 4 of the table), confirming otir 
previous results (Korenchevsky and Hall, 1938) and those of other authors. 

Taking into consideration the experiments of Biskind and Glide, and tho 
fact that in our experiments a peculiar progestation-like change was obtained 
only in the rata which received vitamin C, this vitamin should be responsible 
for the change. ' 

1. On 31 ovariectomised rats the effects were investigated of the addition 
of extra amounts of crystalline vitamins B and C on the ccstrogenic changes 
produced in the uterus and vagina by oestradiol alone, or on the progestational 
changes produced in these organs by tho simultaneous administration of 
cestradiol and progesterone. 

2. In rata injected with oestradiol, tho oddition of tho extra vitamins did 
not affect the vagina, but ascorbic acid produced a peculiar combination of 
changes in the uterus — foldings of the mucosa typical of a progestational effect 
and very high columnar epithelium typical of the cestrogenio effect. 

3. Tho vitamins did not alter in any way the progestational changes in the 
uterus and vagina produced by simultaneous administration of cestradiol and 
progesterone. 

4. Metaplasia of columnar uterine epithelium into the stratified squamous 
type, usually produced by osstrogens, was completely prevented by tho 
simultaneous administration of progesterone, and appeared to be considerably 
decreased by vitamins B and 0. 

We are indebted to the Medical Kesearch Covmcil and the Lister Institute 
for grants, to il^srs Ciba Ltd. for the hormones and to Messrs Roche Products 
Ltd. for a generous supply of vitamins, 
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617 . 578—006.42 

CHONDROSAECOMA OF A PHALAHX ^VITH 
CUTANEOUS aiBTASTASES 

A. H. Cruiokshank 

From ikc Pathology Department, Aberdeen University 
(Plates and XIX) 

There is a tradition that phalangeal chondroma is always benign. This 
view is succinctly expressed by Geschickter and Copeland (1936, pp. 91-92) : 
“ In the prognosis of these tumors, it is a striking paradox that the more cellular 
chondral lesions in the small bones associated with fetal cartilage and mjojoma 
are uniformly benign ; whereas the less cellular tumors of larger size occurring 
in the sternum and long bones, although composed of benign adult cartilage, 
must be looked upon clinically as potentially malignant ”. Ewing (1940) is 
somewhat less explicit and emphasises the necessity for careful consideration 
of the clinical os well as the histological features of the growth in formulating 
a prognosis. 

A recent example of a cellular chondroma of a phalanx encountered in 
-the Aberdeen Royal Infirmary has upset histological calculations by becoming 
widely disseminated in the skin of the face as well as in the lungs — a sufficiently 
disquieting occurrence to warrant a short descriptive note. 

Case report 

A man aged 66 had the middle finger of the left hand amputated on 
5th Slarch 1942 because of a tumour. Fig. 1 shows the X-ray appearances, 
and the radiologists’s report stated “ There is a large myxochondroma developing 
from the middle phalanx of the left middle finger. Its rather excessive non- 
calcified part suggests the possibility of malignancy developing as a secondary 
process in an old chondromyxoma ”. The histological appearances of the 
tumour are shown in figs. 2 and 3 and the following histological report was 
submitted. “ The lesion is a chondroma. The tumour is very cellular, with 
some diversity in cell size and hyperchromatic nuclei but there is no sufficient 
justification for regarding the lesion as malignant. The probability is that the 
prognosis will be quite favourable ”, 

On 16th July 1943 a biopsy from a lesion on the patient’s right cheek was 
received and "was diagnosed as a basal cell carcinoma in which there was some 
admixtme of polygonal squamous cells. This lesion was cured by treatment 
with radium. , 

On 18tb May 1944 the patient returned to the radium department because 
of nodules in the sldn of the face and neck and to a lesser extent in the skin 
of the trunk. His appearance at this time is shown in fig. 4. He was breathless 
and X-ray examination of the lungs showed numerous rounded deposits of 
secondary tumour growth. Histological examination of a skin nodule revealed 
the appearances shown in fig. 6 and the nodule was reported to he a deposit 
of secondary chondrosarcoma with an apparently benign histological structure. 
The radium officer then made the diagnosis of multiple secondary deposits of 
chondrosarcoma from the tumour of the phalanx of the left middle finger removed 
in 1942 and mistakenly diagnosed as chondroma. Until the nature of the 
multiple skin nodules had been established by biopsy the patient had no 
mentioned the loss of his finger to the radium officer and the true nature 0 
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Plate XVIII 


JlETASTASISrNG CnONDROSARCO&LA. OF PHALANX 



Fio 1 — Cliontlrosarcoma of middle phalanx of middle 
finger allowing extcnsi\e replacement of bone by 
growth, and n large extra osseous extension. 


Flo 2 — Section of prnnnr.v 
tumour, di igno’>od n-i 
probably benign X 1") 



Flo. 3 — Higher 
power MOW of 
primary tumour. 
X 12o. 
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Plate XIX 


MCTA'^TASlStSO ClIO>PllOS\IlCOMA Oi ^HAL-V^*X 



I'la 4 — Sccondurj deposit'! of cliondrosnrcoma m of fnco Photograph token 
2xn jeors nftcr amputation of tlie affecteil finger 
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the nodules had not been suspected. The stump of the amputated finger 
showed no obvious local recurrence. 

This case is reported since it shows that Geschickter and Copeland’s state- 
ment that cartilaginous tumours of the phalanges are uniformly benign requires 
modification. 

Summary 

A case of chondrosarcoma of the middle phalanx of the left middle finger 
is recorded. Secondary deposits occurred in the skin and in the lungs. The 
histological atructiure of the primaty tumour and of one of the cutaneous 
secondaries was apparently benign. 

I am indebted to Mr J. F. PhvUp, radium officer. Dr J. E. Blewett, radiologist, 
and Mr S. G. Davidson, hon. surgeon, all of the Aberdeen Boyal Infirmary, for 
permission to use their records of this case, and to Mr T. C. Dodds of the 
Pathology Department, Edinburgh, for tlie photomicrographs. 
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THE VAEIATION IN SENSITIVITY TO PENICILLIN OP STKAINS 
OF THE OXFORP STAPHYLOCOCCUS H 

S. T. COWAK 

From a military lahowtory 

The sensitivity of organisms to penicillin is expressed by some workers in 
terms of the sensitivity of the Oxford staphylococcus H (Garrod, 1944:0) ; the 
validity of this comparison is based upon the assumption^ that the sensitivity 
of tho reference strain remains constant. Staphylococcus pyogenes often produces 
variants differing from the parent strain in pigment or toxin production, and 
changes in tho behaviour of an organism are most likely to occur when it is 
kept under different conditions. As tho Oxford staphylococcus H has been 
widely distributed it may, in some laboratories, have developed characteristics 
not found in the parent strain. A comparison of 8e%’en strains of the Oxford 
staphylococcus H is described in this paper. 


Cultural characters of the strains investigated 

Dr N. G. Heatley kindly sent me o dried culture of his organism and strains 
were also received from Professors h. P. Garrod and A.'a. Miles, Dr E. T. C. 
Spooner, Lt.-CoL A. E. Francis, Major K. E. A. Hughes and the National 
Collection of Typo Cultures, 

All strains were coagulose-positivo, fermented glucose, lactose and sucrose 
and acidified milk in 24 hours. Serologically all were type I, but tho Spooner, 
Miles and N.C.T.C. strains were slightly less specific than tho others and gave 

JOVEX, Of rATU.— Vox,. IVll «• 
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feeble cross reactions witli type HE serum. The differences observed vrere that 
Miles’s strain gave a- gold pigmented colony, the others produced white colonies ; 
mannitol was fermented in 24 hours by all strains except Miles’s and Spooner’s, 
both of which took 48 hours to ferment this sugar ; and gelatin was liquefied 
in one day at 37° C. by all strains except those of Hughes and Miles (which 
took 5 days) and of Spooner (7 days). 


Penicillin sensitivity 

Using doubling dilutions of penicillin in broth (Abraham et al., 1941 ; Garrod 
and Heatley, 1944), the Hughes strain appeared to be slightly more sensitive 
than the others after 24 hours’ incubation, but after 72 hours all strains grew in 
0-06 rmit per ml, and were inhibited by O-l unit per ml. The results obtained by 
this method were inconstant and irregularities such as those reported by Bigger 
1944o) were not infrequent. Differences in sensitivity of the strains could be 
detected if decimal dilutiona of broth cultures were plated on nutrient agar 
containing Itnown concentrations of penicillin ; the method, which is an 
adaptation of Miles’s “ surface viable count ” (Aitken et al., 1936 ; Kenny et ah, 
1937), is described below. 


Method of determining penicillin sensitivity 

One ml. of an appropriate dilution of penicillin was mixed with 19 ml. of 
agar at 60° 0. and poured into a sterile petri dish. In these experiments final 
concentrations of 0'025 and 0-06 unit per ml. were used. Plates were dried in 
the incubator for about 30 minutes and the bottom of each dish marked into 
20 rectangles (“ squares ”) 1-5 X 1 cm. Tenfold dilutions (up to 10"*) of a 24- 
hour broth culture wore made in peptone water. A platinum loop (1 mm. 
internal diameter) was dipped into the highest dilution, withdrawn vertically 
and used to inoculate the first square of a control plate without penicillin; 
a similar inoculum was spread over the first square of each plate in the order 
of increasing penicillin concentration. After flaming the loop the other dilutions 
of culture were plated in the same way, care being taken each time that the 
whole of the inoculum was spread on the medium. The plates were incubated 
at 37° C. and after 24 hours were examined in a good light. The control plate 
inoculated with a 10~* dilution usually had between 16 and 60 colonies. At 
the point where inhibition of growth occurred most of the colonies were small, 
but a few were larger and were believed to be a minority of more resistant 
organisms present in almost every strain of staphylococcus. One, two and 
occasionally tluee dilutions yielded a single colony ; these were not “ persisters 
(Bigger, 19446), as they had multiplied in the presence of penicillin. The 
end-point was taken as the largest inoculum from which not more than one 
colony developed. In titrations of one straui this end-point was shown to giva 
more consistent results than complete suppression of growth or readings made 
after incubation for 48 hours. 


RestiUs 

Examples of titrations of the Oxford strains are shown in the table ; the 
number of colonies which grew from the standard inoculum is stated 
when they were too numerous to be counted, when -k signs are used. T ' 
difference between some of the strains is clear. Repeated titrations do no 
always give exactly the same end-point but comparative tests show the 
order of sensitivity. Spooner’s strain was found to be imstablo and rca 
tluew off hypersensitive variants ; the original sensitivity could be ° ^ .I? 
regularly only in cultures made directly from the agar stab sent from Cam ri go- 


STAPSrLOOOaOAL SENSITIVITY TO PENICILLIN U7 

Some of the factors affecting the end point liave been investigated One of 
the greatest source of variation is m the essay of the pemciUm incorporated 
m the plates , the Oxford method of assay (Heotloy, 1944) has been used and 
a moan taken of sixteen plates , by this procedure tho experimental error is 
probably reduced to 10 per cent Tho end pomt varied with the size of tho 
inoculum , the least voriation in multiple titrations of the same stram was 
obtained with a 1 mm loop The variation in the moculum delivered by the 
same 1 mm loop has been calcuated from the coimts of the 10** dilution of 
one broth culture that was plated out 74 times , the mean count was 33 6, 
ST) 6 83 SUghb differences m penicillin concentration m the medium are 
believed to be responsible for tho occasional variation between replicates on 
different plates The results of several experiments showed that young cultures 
(4 8 hours) are more sensitive than older (20 24 hours) 


Table 

Example titrations of the strains of Oxford staphylococcus 
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The variation in sensitivity showTi in this paper affects comparisons of 
unlmown organisms with the “ Oxford staphylococcus ” but it does not influence 
the results of assays of penicillin by the Oxford method, as dilutions of standard 
penicillin and the unknown are titrated on the same plates. 

Abraham et al. (p. 182) state that “ The action of penicillin on streptococci 
and staphylococci, unhlre that of the sulphonamides, is onlj' ’influenced to a 
minor extent by the number of bacteria to be inliibited This statement 
appears to have been accepted (Garrod, 19446), but Spink ct al. (1944) make a 
reservation excluding resistant staphylococci. Rantz and Kirby (1944) found 
that the size of the inoculum was important in showing differences between 
strains and advocate a large inoculum. The results obtained with the technique 
described in this paper suggest that with staphylococci there is a concentration 
of penicillin critical for each strain and that at this level the size of the bacterial 
population becomes material. 


Summary 

Seven strains of the Oxford staphylococcus H were compared and three were 
found to be more sensitive to penicillin than the dried culture received from 
Oxford. These differences could not be detected by the usual methods but were 
shown by moeulating faUing dilutions of cultme on plates containing varying 
concentrations of penicillin. 

I wish to thank Major-General L. T. Poole for the opportimity and facilities 
for carrying out this work and the bacteriologists named in the text for their 
kindness in sending me their strains of the Oxford staphylococcus H. 
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POST FIXATION OP TISSUES 
E H Leach 

From the University Department of Physiology, Oxford 

During the last tvro decades of the nmeteonth century several succossWl 
methods were worked out for affixing paraffin sections to glass slides Pre\ lous 
to this, sections had heen stained and mounted in the same manner ns frozoh 
sections, a process requiring much cnro and patience As it became possible to 
cut thinner sections, this method of mounting paraffin sections became mot© 
than e\er desirable The success of the methods have been judged, not on the 
absence of visible damage caused to the tissues, but on the perfection of 
adherence during the staining processes 

Of the manj metliods which have been suggested the followmg ore stiU 
in use 

Gaule (1881, p 166) flattened sections out on alcohol This method is used 
for flattening out sections to demonstrate glycogen and was found by Leach 
(1938) to be superior to later methods for demonstratmg muco protem 

Mayer (1885) smeared a concentrated solution of egg albumin and glycerin© 
on the slide It is usual now to add distilled water 

Duval (1891) used a dilute solution of glycerme and egg nlbumm 
GuUond (1891 92) found that water alone, without any albumin, could b© 
used This method is often used in this laboratorj when large numbers 
sections have to be mounted The sections are placed on a bowl of warrQ 
distilled water and drawn on to clean slides 

^[ann (1892 93) used slides which had been albummised and then allowe<^ 
to dry TDio sections are flattened out on a drop of distified water on the shd# 
No mention is found in the literature of those times of any attempt to se© 
whether these flattening out processes caused any damage when the section© 
were compared with those treated individually in small vessels It is not0 
worthy that some careful histologists several years later wore still not flattening 
out paraffin sections before staining This is particularly noticeable in work 
on muco protem, eg that of Jfaximow (190C) Mann (1902) seems to hav© 
been aware of the possibility of damage and has stigmatised such treatment 
as “ unconsciously luidomg good fixation ” But tins cannot have seemed t© 
him to cause important damage, for he advises flattenmg out of sections on 
water placed on albummised slides 

Hardy and Westbrook (1805), m a careful study of leucocytes in tissued 
are very positive about such damage They found that not only must water 
bo prevented from coming in contact with the sections at any stage but that 
oven moist air might caiwo the muco protein granules of mast cells m the vilh 
of the mtestme to swell up and disappear Tlie alcoholic staining solution 
used might not contnm more than 15 20 jier cent of •water This confirmed 
similar results of List (1885) Weski (1901) found that like precautions mu^t 
bo taken m tlio staming of oleidm Such ol^ervations are oxjplicable on tb© 
assumption that the substances in\ol\ed cannot be rendered insoluble despit© 
fixation dohjilration etc It is obvious that if watery solutions are foimd to 
cause damogo in the staining procctes, sections maj not be flattened out on 
water (Haixly and estbrook , IVcski) 

But It has also been noted that if water is avoided m tho flnttonmg oUt 
stage, aqueous solutions maj still bo used m staining Such a phenomenon is s© 
surprising, and at first sight so unhkelj , that it is understandable how it ha© 
boon overlooled Bizzozero (1892) found that, m studying muco*protoiii» 
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sections must not be flattened on water but could later be treated with water. 
This was confirmed by Leach, who flattened sections on 96 per cent, alcohol. 
Carleton and Leach (1939) found that, if sections were flattened on 60 per cent, 
diacetin, greatly improved cytological and pathological preparations could bo 
obtained •with staining techniques involving the use of aqueous solutions. 
Unfortunately theirs is a difficult technique to use and cannot be advised for 
routine work. The assumption then made was that, following the removal of 
fatty substances from tissues, unfixed proteins remain and can be fixed by 
flattening the section on a protein precipitant such as alcohol or diacetin. This 
would explain why treatment with water immediately after fixation or during 
staining was possible, while such treatment after clearing in xylol but before 
treatment of sections with alcohol was not permissible. This view has been 
accepted by Baker (1941), who suggests that it explains why he had got such 
good cytological preparations when the cut face of a paraffin block was treated 
with protein preoipitants. 

It has been found that the method here described gives results which, 
although not quite as good as those seen after flattening sections on diacetin, 
nevertheless show a great improvement on those obtained by the more usual 
methods. It is easy to use and can readily be applied to routine work. 

Method 

1. Fix by any desired method, .Wash in water if customary. 

2. Dehydrate with alcohol. 

3. Clear in xylol for 3-12 hours (change once). 

4. Treat with absolute alcohol for 6-24 hours (change once). This stage has 

been termed " post-fixation ”. ' 

6. Clear by any desired method- 

6. Embed in paraffin ; soften block in water if necessary before cuttbg 
sections. 

7. Flatten out sections as usual on water or egg albumin solution. 

Stages 3 and 4 are the only departure from normal technique, which may 

otherwise be retained in whatever form is customary. 

BesulUt 

The method described has been in use for three years. Until a techraquo 
was shown to be improved by this method, control material, which remained 
in alcohol whilst the other weis being post-fixed, was always embedded in the 
usual way. Dining this time a large variety of tissues, fixatives and staining 
methods has been used. The tissues cut at least as well on the microtome and 
the sections flatten at least as well on water. The followdng improvements 
have been seen in sections prepared by this method as compared with those 
prepared by the normal method, strict care being taken to use comparable 
pieces of tissue and to stain control material on the same slide. 

1. General nuclear and cytoplasmic fixation is improved. Granules staui 
more shnrplj\ Cell boundaries and intracellular membranes are particularly 
well preserved. Tliese improvements are most noticeable when fixation is poor. 

2. Post-mortem changes are much reduced. 

3. !Muco -proteins are better preserved. 

4. Mitochondria stain more intensely and more sharply with iron hiematoxyim 
after formol fixation and post-chroming. Their form and position ore more 
like those described in the most carefully prepared preparations. 

6. Phosphatase demonstrated by the method of Gomori (1941) is niorc 
sharply localised and general fixation is improved. 

G. Vitamin C preparations made by the method of Barnett and Bourn 
(1940-41) show much improved general fixation. _ • fll 

When sections prepared by this method are flattened out on diacetin e 



POST FIXATION OP TISSUES 


Ifil 


further improvement m oytological fixation is observed The P6terfi (1921) 
celloidin double embedding method, -which even -without post fixation gives 
improved cytological preservation, gives oven bettor results with it Similar 
improvement is seen -when material for celloidin embedding is post fixed 

Diswsaton 

Th^o theoretical basis for this method isjgrobably the same as that advanced 
to explam the success of the diacetm technique The treatment of tissues 
with xylol removes fatty substances which have chemically or physically 
protected some protems from the initial fixation Subsequent treatment with 
alcohol can complete the fixation and prevent oUoration or solution of substances 
when the sections are flattened on water As would be expected from this 
liypothosis, better preservation of the shape of cells and their constituents 
IS observed and greater staming affinity is obtamed This is particularly true 
of hpo protein structures such as cell membranes and mitochondria Because 
some special oytological techniques may depend for their success on artefact 
changes during the normal process of preparation, it is advisable to embed 
control material by the usual methods until it has been shown that this now 
method gives, as it has done so far, results which ore as good or better But 
such a precaution can certainly be dispensed with when common histological 
and pathological fixation and stammg methods are used 

It seems probable that tlio success of the flattenmg out method of Gulland 
depends on the solution of unfixed proteins from the section These will then 
replace the albumm that is normally used to cause adlierence of the section 
to the slide It would be unwise to use this method on post fixed material in 
which coagulation of these proteins might have been caused pnor to embeddmg 

That further unprovoment con be obtained by flattenmg on dmeetm the 
sections produced by this method is readily imderstandablo When sections are 
flattened on water the tissues swell Subsequent contraction on drying is 
limited by adherence to the slide Distortion is inevitable When flattened on 
dmeetm the swellmg and contraction are usually less and the contraction con 
take place freely because the tissues do not odliere to tho gloss 

The success of the P^terfi double embeddmg method, whether applied to 
normal or post fixed tissues, probably resides m the coherence given to the 
tissues by the celloidm Tho swelling and contraction of the tissues m tho 
sections when flattened out on water and then dried will bo limited and made 
more e\ on 

It is likely that “ good ” fixatives such os Comoy rely for some of their 
success on their ability to fix those proteins which are protected from bod 
fixatives such as 80 per cent alcohol by the presence of fatty substance This 
would account for the smaller success of this now metliod after good fixation then 
after bad, which has sometimes to be used for special purposes 

The marked diminution in post mortem degeneration when material is 
post fixed 19 of mterest It mdicates that much of the morphological damdgo 
which has been considered to hav o occurred prior to fixation has not m fact 
taken placo by that time Instead it must now be thought that prior to fixation 
a delicate change occurs m the nature and distribution of tlie hpid substances 
Thw IS revealed by the subsequent labilitj of the protems when sections are 
flattened out on water Post fixation prevents these morphological changes 
in the distribution of tho proteins 


Sutntjujry 

A simple and reliable method is described whereby improved fixotion of 
tissues for paraffin embeddmg may be obtamed by post fixmg them in alcohol 
after trontmont with -xylol 
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The method is particularly applicable when for special purposes fixation hns 
to be done in a bad fixative or when post-mortem changes are likely to have 
ocourred. 
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Manual o£ human protozoa 

By RICH.VRD R. IvuDO. 1044, Springfield, III., and Baltimore, Sid. : 
Charles C. Tliomas. (Distributors in the British Isles, BaiUi6re, Tindall 
& Cox.) Pp. ixandl25; 29 text figs. Prico lls. 

In 1931 Dr Kudo published hia now well Imomi Handbook of protozoology, 
a work which received high praise from the medical scientific press as a 
book of general reference for those interested in human and veterinary 
protozoologj'. In 1939 there appeared an enlarged and completely re- 
WTitten edition, consisting of some 700 pages of close print and nearly 300 
illustrations. The revised edition contained many additional references 
to the more important discoveries in medical and veterinary protozoology, 
but, as was ine\'itable in a work dealing unth so vast a subject, the author 
was again compelled by the exigencies of space to devote but little attention 
to the specialised neetls of the medical profession. He has now attempted 
to meet this need by the publication of tho present short manual of human 
protozoology. 

Dr Kudo has produced a book, which, as might be expected from a 
scientist of his distinction, is accurate, concise and informative, both in 
. letterpress and in illustrations, and it can safely be recommended as a 
rehable elementary guide to tho student of luunnn protozoology, so long 
as it is used in conjimction with some other work which deals more fully 
with the development and habits of the parasites studied. The reason 
for this advice is perhaps best explained by a quotation from the author’s 
preface. “ There are now available several excellent treatises on parasitic 
protozoa of man which deal comprehensively with the morphologicol 
and developmental details, incidence of infections, geographical distribution, 
pathogenic changes brought about in the Imman body, diagnosis, treatment, 
etc. As no one of these meets the need of the class, tho present manual 
has been prepared. It contains only tho essential information in order to 
servo as a practical guide or companion book in detecting and identifying 
the Imman protozoa To be able to detect and identify the pathogenic 
protozoa is obviously essential, but con tho student appreciate the methods 
omploj'ed to detect and identify the parasite, without knowing about its 
developmental details ” ? If ho loiows nothing of its geograpliical 
distribution can he appreciate the fallocy of searching for trjqjanosome 
infection in a man wlio has only voyaged to India ? If he has no information 
concerning tho incidence of the parasite, can he realise the extreme caution 
which is necessary before diagnosing coccidiosis in the human host 1 The 
reviewer hastens to add that Dr Kudo’s manual does supply this information 
in tho case of some of the parasites described, but the general tendencj’ of 
tho book is to omit tho biological aspect and to describe the parasites ns 
if they were inanimate objects, instead of animate creatures over changing 
in form and habits during their curious and complicated life-cycles. It is 
tho reviewer’s contention that knowledge of these habits and changes is 
on essential preliminary to tho detection and identification of the parasites. 
Such information is absent from, or insuiTiciently given in. Dr Kudo’s 
Jlfantial, while a surprising amount of spaco is devoted to subjects which 
most medical protozoologists would regard as relatively unimportant. 
Thus, almost three pages are devoted to an account (which includes signs 
and B3nnptoms obser\’ed in a single case) of Isospora hominis, and five 
pages to such comparatively rare organisms as Sarcocysiis lindemanni, 
Retortamonas inteslinalis and Tricercomonas inteslmalis. Throe pages of 
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text are occupied by accounts of the mouth-inliabiting protozoa Eniamaba 
gingivalis and Trichomonas clongata, and five pages to coprozoic protozoa 
which “ only occur in feces after it has been voided In a work intended 
for elementary instruction it is surely unnecessary to print a table giving 
the strength of various chemicals and drugs which are lethal to the cj-sts 
of B. hislolylica at different temperatures, and still less necessary to record 
the temperatures which are sufficient to destroy E. gingivalis at various 
intervals of time. Such prodigality of imessential information is out of 
proportion in a book which devotes only five pages to the life-history and 
recognition of the predominantly important species Entamceba histohjlica 
and less than four pages to the genus Leishmania. 

The book is beautifully produced and printed, and the illustrations, 
although some have suffered by their reduction in size, are excellent. 

K. M. Gonnox. 


Statistical methods for research workers 

By E-. A. Fisher. 9th ed. 1944. Edinburgh : Oliver and Boyd. 
Pp. XV and 350 ; 12 text figs. 16s. 

The fact that this book has now reached its ninth edition is the best 
evidence that it succeeds in serving the purpose for which it was written. 
The period since 1925, when it first appeared, has seen a change in the 
attitude of the average worker in the pathological sciences towards statistical 
methods. In those days the mathematical treatment of data was regarded 
by many with suspicion, and the statement that “ you can prove anytliing 
by statistics ” was frequently heard. Much of this was due, os Professor 
Fisher says in his preface, to the fact that the traditional methods were 
wholly unsuited to the needs of practical research. In successive editions 
of his book new methods have been formulated, and it would not be too 
much to say that the present more rational attitude to statistical methods 
has been to a largo extent a result of its publication. 

In the ninth edition the general plan of the work follows previous lines, 
and there is a new section on the test of homogeneity of evidence used in 
estimation. There is one small point in which it appears to the reviewer 
that the lay-out could be clarified ; a slight separation between the literary 
punctuation and the equations and other mathematical expressions which 
it follow's would sometimes prevent possible confusion in the mind of the 
non-mathomatical reader. I^Tien, for instance, a comma follows the symbol 
n' as closely as it does on p. 119, he may turn back to find out what n 
means. 

The decimalised system of numbering sections, tables and examples 
allows new material to be inserted without altering the numbers of existing 
sections, etc., so that references to them, but not to pages, are valid m any 
edition. It is important that authors should remember this in 
from this book, especially in these days when any given edition may o® 
difficult to obtain. 

Sternal puncture 

By A. PiNEY and J. L. Hamiltox-Paterson. 2nd ed. 1943. London . 
William Heinemann (Medical Books) Ltd. Pp. xi and 69 ; 13 plates {1- ® 
colour) and 2 text figs. 15s. 

Tlio second edition of this monograph, appearing within two 
of the initial publication, is a distinct improvement on its 
Without increasing the size of the volume, several new sections have 
added, including a more adequate discussion of the aniemias, a descrip _i 
of the reticuloses affecting the bone marrow and additional technic 
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procedures of use to the litcmatologist. An attempt has been made to 
remedy a great defect in the earlier edition by the inclusion of twelve colour 
plates. While the new colour frontispiece is a distinct improvement, many 
of the other illustrations are of indifferent quality, particularly that of the 
megaloblastic and normoblastic derivatives. Although the authors attempt 
to differentiate the myeloblast from the lymphoblast on the morphology 
of individual cells, their illustrations of acute myeloid and acute lymphatic 
leukajmia ore not convincing except for the inclusion of a typical myelocyte 
in their plate of the former. The bibliography has been revised to include 
some of the more riseful recent contributions to the subject. 

"While a volume of this size cannot cover the subject os adequately os 
our present knowledge of luematology would seem to warrant, tho new 
edition contains much of use to tho laboratory worker. 

A pathology of the eye 

By Eugene Wolff. 2nd ed. 1944. London : H. K. Lewis. Pp. vii 
and 285. 210 figs., 6 in colour. £2,29. 

Morbid histology is given greater attention in this second edition, and 
the text, with evident benefit, has been largely rewritten ; 88 new figures 
are added. Tlie text, however, is still marred in places by looseness of 
expression and the retention of terms and opinions which, if not obsolete, 
are out-dated as judged by modem standai^. ** Cataloguing ”, exemplified 
by tho section on colobomata, is still prevalent and some subjects of interest 
and importance, for example, uveoparotid fever, ore dismissed cursorily, ' 
in this instance to leave a blank half-page below. The chapter entitled 
” Some points in general pathology ” is entirely superfluous, and a poor 
compliment to potential readers. The implied emphasis, in text and 
legends, on tho diagnostic importance of the giant cell in tuberculosis is 
overdone. At least as important is the recognition of follicular structure, 
even in the absence of giant cells. 

Many of the new figures are of inferior quality when compared with 
tho high standard set by their prodecossore, and some ore wholly unworthy. 
The two plates in colour might have been put to much greater use. Ono 
is allotted to the normal anatomy of the optic nerve head, tho other to 
sidorosis bulbi, A comprehensive bibliography, especially of references 
since 1908, would have commanded, of itself, the interest of a wide field. 
Tlie present bibliography, despite its range, is unsatisfoctorj'. Tho important 
subject of intra-ocular now growths is represented by less than thirty 
references, while eight are allotted to the unimportant subject of sidorosis 
bulbi. 

Por some time there has been a distinct need for either a modem 
edition of Parsons* opus or its equivalent. Tlie present volume in some 
degree fills the gap, but it is disappointing. Supported apparently by ample 
funds, a superb opportunity has not been fully seized. 

Tho production of the book is beyond criticism and the text is almost 
free frorn tj'pographical errors. Tho post-graduate student and tho general 
pathologist, occaaionoUy required to oxamino and report upon eye material, 
will find this book helpful, but those who specialise in ophthalmic pathology 
are likely to be dissatisfied. 

Clinical laboratory methods and diagnosis 

By R. B. H. Gradwoul. 1943. London : Henry Kimpton. Two vols, 
pp. xxiii and 2130 ; 720 text figs, and 67 plates in colour. £5. 

Tlio second edition of this monumental work appeared in 1938, three 
years after tho publication of tho first. Now tho third edition has appeared. 
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this time in two still weighty volumes instead of the previous rather clumsy 
single one. The number of pages has been increased by some 700, includiag 
the printing of the index in duplicate, one for each volume ; more text 
illustrations and colour plates have been included and the price has been 
doubled. 

The second edition has been in use in the reviewer’s laboratory for 
several years and it is probably true to say that on no single occasion 
has it been consulted in vain. It is a most valuable book of reference and 
the addition of a new discussion on liver function, more details of Hood 
grouping (including the Rh factor) and a section on vitamin assay and 
identification will enhance its value. Especially useful is the description 
of the bone marrow in health and disease. 

The chief criticism of this book lies in its inequality of emphasis, for 
example, on pp. 1079 and 1149 illustrations and descriptions of methods 
of drawing capillary pipettes and pouring agar plates respectively are 
given. The illustrations could easily have been dispensed with. But, 
although the omission was pointed out in this Journal in a previous review, 
there is still no reference to the use of the Price- Jones curve in the measure- 
ment of red cells, nor is a really accurate method for the estimation of 
fragility of red cells given. 

The advisability of including all aspects of clinical laboratory methods 
and diagnosis in one book is a matter of opinion. For workers in isolated 
laboratories such a mine of information as this obviously fulfils a real need. 


Stitt’s Diagnosis, prevention and treatment o£ tropical diseases 

By Richahi) P. Stbong. 7th ed. 1944, Philadelphia: The Blakiston Co. 
Vol. I, pp. xvii, 871 (plus interpolated pages) and xl ; 198 text figs, and 
4 plates (2 in colour) ; vol. II, pp. vii, 874 (plus interpolated pages) and s! : 
201 text figs. 821. 

This valuable and well known work appears once more in two hand- 
somely produced volumes as the seventh edition in the series and the 
second under the editorship of R. P. Strong. Its content is that of ib 
predecessor (noticed in this Journal, 1942, hv, 405), although its bulk is a 
trifle less owing to the use of thinner paper. The text has undergone onl} 
minor modifications directed towards bringing it up to date where advances 
in knowledge, often a result of war experience, have indicated the neeu 
for elaboration or change. Examples of this are foimd in the sectioiw 
on the treatment of bacillary dysentery, on the vaccine prophylaxis avaiiaM 
against epidemic Fouse-bome typhus, on the newer insect repellents usw 
in malaria prophylaxis, and on the drug treatment of kala-azar and of tli 
trypanosomiases and spirochictoses. Scrub typhus receives rather mof® 
attention in view of its manifest importance in the war in the Pacific area, 
and a new clinical condition, Bulbs fever, of rickettsial origin and convej 
by the tick Amblyomma americamnn, is briefly described. There 
a few items which are in need of revision ; "for instance the treatinen 
scabies, where neither benzyl benzoate nor the newer drugs are e 
mentioned. ^ 

Any increases in printed matter have been offset by the greater use 
small type or by the insertion of odd pages such os 67Ca and \ 
from this, page for page the present edition exactly corre^onds y* 
immediate predecessor, even to misprints, few as these are. The 
continue to fulfil web the increasingly world-wide general deman ^ 
reliable and lucid text -book in the English language on those con i 
commonly, though often erroneously, referred to as tropical diseases- 
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ISO-IMMUNISATION TO THE BLOOD GROUP 
FACTORS A, B AND Rh * 

K. E. BoonitaK, B. E. Dodd and P. L JIoixison 
From the London Blood Suppl^j Depot 

Iso-rMMDNiSATioN is tlio ptocBss by which immune antibodies are 
produced in one individual in response to the mjeotion of blood, from 
another individual of the same species, containing antigens which the 
•first individual lacks. 

The first exporunents on this subject were made on animals (e g. Ehrlich 
and Morgenroth, 1900) Dienst (1905) suggested that there might be lao* 
immunisation within the human species to the blood group factors A and B. 
He and later Levmo (1943) detected immune anti A and anti B iso agglutmms 
in maternal sera following pregnancy. Jonsson (1936) showed an mcreaae m 
unti'A and anti>B iso Iifemolysms m recently delivered women. Immune 
anti A and anti B iso ogglutinms have also been demonstrated lA the sera of 
persons who had received an mcorapolible blood transfusion (Ro, 1937 ; Wiener 
€t al , 1941 , Lauer, 1941 ; MoUison and Young, 1941 ; Drummond, 1044). 
Unidentified atypical antibodies were found by Landstemer et ah (192J*28), 
Neter (1930) and Zacho (I93G) m mdividuals who had received repeated 
transfusions of homologous blood. The findmg of immune anti.Rh iso- 
agglutmms after homologous blood transfusion or pregnancy has been reported 
by many workers, c g. Wiener and Peters (1940), Levmo et ah (1941), Boorman 
ct til (1042), Race, Taylor, Cappcll and JlcFarlane (1943). 

Tlie object of the present investigation was to study in greater 
detail immune responses to the blood group factors A, B and Rh in 
the human subject following incompatible blood transfusion and 


• A report to tho Medical Re‘iearch Council 

Other ft.«pect8 of somo of the cases here reported have been published previously 
(Boorman, Dodd and Mollison, 1942, 1044 , MoUison, 1943), 
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p^cgnanc 3 ^ As it is now established that h®motytic disease of the 
fcetus is usually due to the presence of immune anti-Eh iso-agglutinins 
in the mother’s serum, the clinical condition of the infant was noted 
in every case in which such immune iso-agglutinins were produced 
following p^egnanc 3 ^ , For our purpose the clinical condition was 
assessed under four headings ; (a) hseraolytic disease of the fcetus, 
(6) stillbirth (including miscarriages), (c) physiological jaundice, 
(d) normal. Criteria for the diagnosis of conditions (a) and (c) are 
given by Boorman et ah, 1944. 

As far as possible, the titre of the iso-agglutinin was determined 
both before and after stimulation by the homologous agglutinogen and 
was estimated at close intervals throughout the response. 


Technique 

Taking of samples. Samples were withdrawn from the patient’s vein using 
a dry sterile syringe. They were allowed to clot and the sera free from red 
cells were used for the titrations. A 1 per cent, suspension of red cells from 
the clot was used for grouping and Bh typing. If it was not possible to titrate 
the serum immediately it was stored frozen solid at —16° C. 

Grouping of erylhrocytes. The method of ABO grouping was the tube 
technique described by Taylor et al. (1942) and of the Rh typing that described 
by us (Boorman et ah, 1942). 


Titration of iso-agglutinins 

Anti-A and anti-B. The method of performing and reading the titration-s 
is a slight modification of that described by Taylor and Bun (1939). The titra- 
tions were carried out in 2 X J in. roimd-bottomed precipitin tubes, 0-85 per cent, 
solution of sodium chloride being used as diluent. The standard red cells were 
obtained from the same donors throughout and were- always less than 24 hours 
old when used ; a 2 per cent, suspension (in terms of whole blood) was mads 
in 3-8 per cent, sodium citrate solution. With a Pasteur pipette graduoted to 
deliver a constant unit volume (approximately 0-04 c.c.) twofold dilutions of 
serum were made in a row of tubes. To each of these serial dilutions one 
volume of the appropriate red cell suspension was added and the tubes shaken. 
The titrations were made in duplicate anh, were allowed to stand for 2 hours of 
room temperature. The cell deposit vras then agitated by topping sharply um 
the degree of agglutination read. No reaction was scored as negative until ) 
had been examined microscopically. An even distribution of clumps of 3 or 
more’ cells was accepted as evidence of agglutination. The titre of the serum 
was expressed as the reciprocal of the greatest dilution causing agglutination. 

The experimental error of this technique in the hands of an expcricnc 
worker very rarely exceeds one dilution, in spite of the fact that the unit volu 
employed is small. The titration values are higher than those obtained v 
the serial dilutions are made with standard graduated pipettes using a eepu 
pipette for each dilution, because inevitably there is a slight ca^’-over r^^^ 
tube to tube when the same pipette is used for the whole titration, 
purpose of this investigation this factor was unimportant, because ^ 
titrating iso-agglutinins to estimate an immune response the object is mere . 
obtain comparative values. , 

Anii-Rh. Tlie tecluiique was essentially the same ns that adop 
anti-A and anti-B. Each serum was titrated against er 3 dhrocyfes . 

Rh-positive indhuduals, one belonging to the subgroup Rlq (genotype B h i 
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see Knee nnd Taylor, 1943) and the other to subgroup Rh^ (see Race, Taylor, 
Boorman and Dodd, 1943). Control tubes containing one volume of Rh-negativo 
cell suspension with one volume of serum wore included in each test. As tbe 
anti-Rh agglutinins are more active at 37® C. than at room temperature (see 
table n, p. 107) the tests were kept at 37” C. for at least 2 hours before being 
read. Owmg to the ease with which Rh agglutination can be broken down by 
rough handling, the contents of each tube were treated with great care and 
gentleness. The tubes were never sharply tapped but some of the sediment was 
gently removed by means of a Pasteur pipette and placed on a microscope slide. 
Clumps* of 3 or more cells were again accepted as evidence of agglutination, and 
the titre of the serum was taken as the reeiprocal of the highest dilution at 
which these were seen. 

ImJUJNB responses to the AOaLTJTINOOENS A AND B 
Incompatible blood transfusion 

During the past 3 years we have had the opportunity of studying 
the iso-agglutinin changes in 5 patients to whom var3dng amounts of 
blood of an Incompatible ABO group were inadvertently transfused 
(table I). All the recipients were of group 0, 3 received group A 

Tabi® I 


Responses foUotoing 'transfusion of blood of incompatible ABO group 
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blood, 1 group B and 1 group AB. Both anti-A and anti-B 
iso-agglutinins were titrated in each case. The iso-agglutinin corre- 
sponding to the group of the blood given was found to increase in 
titre, a peak value being attained between the tenth and twentieth 
days after transfusion, following which the titre returned slowiy 
towards its normal level. There was no change exceeding the normal 
variation in the titre of the other agglutinin. Thus the increase 
observed was due to a specific immune response. Case 4 is of interest 
because the specimens obtained soon after the transfusion had a 
very low anti-B titre (8) compared with the anti-A titro (250). 
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It seems probable that in tliis case some of the naturallj’- occurring 
anti-B iso-agglutinin had been neutralised by the transfused group B 
blood. By the fifth day after transfusion, however, the immune 
response had increased the anti-B titre to 4000, the anti-A titre remain- 
ing constant. Unfortunately at this stage the patient died and it was 
not possible to estimate her normal anti-B titre. 

As has been pointed out by previous authors (Wiener et ah, 1941 ; 
MoUison, 1943), in cases where an incompatible blood transfusion 
is suspected and no information with regard to the donor’s blood 
group can be obtained, it may be helpful to titrate the iso-agglutinins 
in the recipient’s serum. The most suitable time to do this is 5-10 
days after the transfusion, as the increase in titre is likely to occur 
during tliis time. An unusuallj’- high titre of agglutinins for A or B 
or for both will indicate the probable group of the transfused blood. 

The behaviour of the anti-A and anti-B iso-agglutinins in several 
recipients who received homologous blood was also studied. There 
was no change in the titre of either agglutinin greater than the normal 
variation (see Aubert al., 1942, fig. 1). 


Pregnancy 

In the present investigation 3 groups were studied : (1) cases 
in which the maternal serum contained anti-A agglutinins and the 
infant’s erythrocytes the A agglutinogen {i.e. mothers- of groups 
0 and B with infants of groups A and AB) ; (2) cases in wliicli the 
maternal serum contained anti-B agglutinins and the infant’s erjdhro- 
cytes the B agglutinogen (i.e. mothers of groups 0 and A with infants 
of groups B and AB) ; (3) a control series in which there was no 
maternal agglutinin capable of acting on the infant’s erjdhrocytes. 
Samples of maternal blood were taken as soon as possible after deIi^ erj 
(usually within 24 hours) and then at intervals of a few days for about 
a month. 

Group 1 . Of the 29 cases in this group 25 showed a marked increase 
in the anti-A titre following delivery. In the remaining 4 no immune 
response was detected. Fig. 1 summarises the results in the 25 cases 
in which there was an immune response. The normal anti-A titre 
in these cases varied between 32 and 1000. The “ degree of immune 
response ” (fig, la) indicates the number of times the peak ti re 
recorded was greater than the patient’s normal (e.g. the degree o 
response was 8, if the normal titre was 16 and the peak attained 1" 
The titre at delivery was taken to be the patient’s normal, althoug^ 
there may in some cases have been an increase in titre dunng 
pregnane}'. Such increases during pregnancy are usuall}’^ quite sm 
(impublished observations). Fig. 16 shows that the peak title n 
most often attained betw'cen the tenth and twentieth da}' after 
although it, may be rather earlier or later in individual cases, 
actual peak titres recorded varied between 512 and >256,000 ( g- 
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Group 2. Among the 15 cases in which the mother belonged to 
group 0 or A and the infant to group B or AB, there were 4 in which 
no immune response could be detected. The results in the other 
11 cases were similar to those in group 1. The degree of the immune 



« S 1* ty 2! «-4 t'S* >2o * 5 w X« 2^ 

Number efCai<y Oa>'»*fUfOtliv»ry Numhref Cau# 


Fio. 1. — Summary of 25 cases m whtoh on immune onti«A iso agglutinin uns produced 

m the maternal serum m response to stimulation by a group A or AB foetus, 

response varied between 4 and G4 and the peak titres between 612 
and >250,000. The peak titre was again reached between the tenth 
and twentieth day after delivery in the maiority of cases (7 out of 11). 

Group 3. Thirteen oases were studied in which there was no 
inoompatibility between the mother’s agglutinins and the infant’s 
erythrocytes. The maternal agglutinins were titrated at intervals, 
as in groups 1 and 2. The changes in titre in this series in no case 
exceeded the normal limits of variation. 

Oraphic representation of immune responses. If the titre of the 
iso-agglutinins in the patient’s serum is plotted at various intervals, 
a curve similar in shape is attained for all the immune responses 
described above, whether the stimulus is an incompatible blood 
transfusion or a pregnancy. A typical example is shown in fig. 2. 

lamtmE hesponses to the AGanmNOOEN Bn 

Wiener and Peters, while investigating intra-group litemolytio 
transfusion reactions, found immune anti-Bh agglutinins in some 
Bh-negative recipients transfused with Bh-positivc blood. Levine 
cl al. demonstrated that anti-Bh agglutinins could also be produced 
in an Eh-negative mother in response to stimulation by an Eh-positivo 

jom. oy rATn~voi. ivu l, o 
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foetus. In these cases, however, details of the immune responses 
were not given. In our series we have studied the immune response 
of Rh-negative individuals (a) following transfusion with Rh-positive 

TITRE 



Fig, 2. — Typical immune response (anti-A). 

Kay to figs. 2, 3, and 5. 

— Titre of anti-A iso-ngglutinin. 

— ""X ' Titre of anti-B iso-agglutinin. 

—I — . .I I—.. Titre of anti-Rh iso-ngglutinin. 

hlood, (6) after the delivery of an Rh-positive child and (c) follo^nng 
transfusion with an Rh-positive blood immediately prior to or jus 
after delivery of an Rh-positive cliild. 


Rh-positive blood transfusion 

Rh-negative individuals seldom produce immune anti-Rh 
agglutinins after only a few transfusions of Rh-positive blood. 
ever, five such cases have been encountered and the immune respo - 
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in one of these is shown in fig. 3. By the fifth day after transfusion 
only a very small percentage of the transfused erythrocytes were 
left in the recipient’s circulation and anti-Rh agglutinins were present 
in the serum (titre 8). By the seventh day, the donor cells were 
completely eliminated and the litre of the anti-Rh agglutinin had 
risen to 32. Eighteen months previously this patient had received 
two transfusions comprising blood from five donors, two of whom 
were subsequently tested and found to be Rh-positive. We were 
not able to study the other cases in sucli detail, but in each of them 
there was an unduly rapid elimination of the transfused erythrocytes 
followed by the appearance of anti-Rh iso-agglptinins in the recipient’s 



Fio. 3. — Anti»Rh unmiine response in an Bh*ncgative individual following transfusion 
of Rh-positive blood. 

fieniiti. In one case (see Dacie and MoUison, 1943), they were produced 
in response to a single transfilsion, tlie transfused erythrocytes in 
tins case surr-iving for about 2 months. In each case the peak titre 
was attained after the complete elimination’ of the transfused 
erythrocytes. 

Pregnancy 

Anti‘Rli agglutinins were detected in the sera of 105 Rh-negative 
women who had been delivered, of an Rh-positive infant. In 79 of 
these the immune response w’as studied in detail. In the remaining 
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26, a sample of maternal serum was not obtained until after the 30th 
day following delivery, so that, although it was possible to demonstrate 
immune anti-Rh agglutinins in the serum, the information with regard 
to the time and magnitude of the response was incomplete. 
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Fia. 4. — Summary of 79 cases in which on onti-Rh iso-agglutinin was produced in the 
maternal serum in response to stimulation by an Rh-positivo foetus. 

Key to figs. 4 and 6. 

H = Infant infected with haemolytic disease of the foetus. 

^ = Still-bom infant (including miscarriages and abortions). i 


5 

J = Infant affected with physiological jaundice. 


Q = Normal infant. 


• The peak titre reached in each of the 79 cases is shown in fig. 
the values ranging from 1 to 32,000. All but 5 of the 79 Rh-positiro 
infants in this series were definitely affected with haimol 5 dic disease 
(fig. 4a). Of the remaining 5, 3 were stillborn and 2 were diagnose 
as showing physiological jaundice. In -vdew of the extremely 
percentage of affected infants in this group, the presence of anti- 
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agglutinins in tlie maternal serum in these 5 cases makes it very 
likely that 3 stillbirths were in fact due to hffiuiolytic disease of the 
foetus and that the 2 cases of physiological jaundice might have been 
more correctly diagnosed as very mild icterus gravis neonatorum. 
The time of attainment of the peak titre is shown in dg. 4b. In 29 
cases this was between 10 and 20 days, in 27 between 5 and 9 days, 
in 14 between 1 and 4 days and in 9 more than 20 days after delivery. 

In 9 families in which a previous infant had been affected with 
hsemolytic disease, the titre of the anti-Rh iso-agglutinihs in the 
maternal serum was estimated at intervals during a subsequent 



Fio. 6.-~R©sponse of tho anti-Rh iso«aggIutmia in on Rh-negative mother to»the 
Rh agglutinogen of the foetus during and after pregnancy. 

pregnancy. In 2 cases there n as an increase in the titre of the anti-Rh 
iso-agglutinin during pregnancy. In each of these an Eh-positive 
infant affected with hsemolytic disease was hom and the peak of 
the immune response occurred in the first week after delivery. One 
of these is illustrated in fig. 5, In the other 7 cases there was no 
increase in the titre of the antibodies during pregnancy or after 
deliverj' ; 6 of the infants were Kh-positive and affected with hajmo- 
lytio disease, tho other two were Kh-negative and normal. 

In 77 of tho 70 cases no direct correlation was found between tho 
peak titre attained and the number of stimuli received by the mother. 
(In the remaining 2 cases no previous history of the family was 
obtainable.) Ttiis was true whether all the infants or only those 
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affected with, hsemolytic disease were considered as providing a 
stimulus. The lack of correlation is illustrated by fig. 6, where the 
families are arranged in groups according to the titre of the Rii 
antibodies in the mother’s serum, and the children in each family 
are arranged in chronological order. It was not possible to type the 
blood of all the normal children in this series. However, of those 
tested, all but 2 (both in the same family) were found to be Rh-positive, 
and it is now recognised that in families in which hsemolytic disease 
of the foetus occurs the great majority of the siblings are Rh-positive 
(Taylor and Race, 1944). The similarity between the group of families 
in which the peak titre of anti-Rh agglutinins in the mother’s serum 
was only 2 and that in which it was 256 is a very striking example 


■No of 
ChiU«n 


t 



Fig. 6. — Summary of 77 families in which nn nnti-Bh iso-agglutinin was produce w 
the maternal serum showing (a) number of children in family and their 
condition at birth, (6) the peak titre of the anti-Rh iso-agglutinin after the ir ■ 
of the last infant. 


of the fact that the titre of the antibody in the maternal serum ^ 
not directly related to the number of stimuli received, pother go 
example of this is provided by the family in wliich the most poten 
antibody (titre 32,000) was found, and in which there were oni 
2 children, the first normal, the second affected ■with hffimolyt'C 
disease. . >. 

Fig. 6 also illustrates the well known facts that in families 
which limmolydic disease of the foetus occurs ,4he first child is u.sua \ 
unaffected, and that once an affeeted child has been bom subsequen 
children are very likely also to be affected. Of the 77 first chi m 
in these families only four were definitely affected with 
disease. In a previous paper (Boorman et al., 1944) it was men i 
that out of 100 families in which hsemolytic disease occurre ^ 
first infant was definitely affected in 10 instances, but in 
these was the affection due to the formation by the mother of an ) 
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agglutinins. In 13 other instances the first infant failed to survive, 
and it is possible that in a few of these haemolytic disease may have 
been responsible.. However, no serological tests were made ^untii 
further pregnancies had occurred and definitely afiected infants had 
been bom. Ihus although only an approximate figure can be 'given, 
it seems probable that in only about 10 per cent, of cases in which 
anti-Eh agglutinins are .produced are they a response to a first 
pregnancy. 

. Blood transfusion and pregnancy 

A group of 7 Eh-negative women who received an Eh-positive 
blood Iiransfusion just prior to or soon after delivery of an Eh-positive 
infant were studied. These are of interest because the immune 
agglutinins were produced in response to a double stimulus (Eh-positive 
feetus and Eh-positive blood transfusion). In 5 cases the transfused 
erythrocytes were eliminated within a week of transfusion, in one 
case within 12 days and in the other within 32-45 days. In every 
case anti-Eh agglutinins were demonstrated in thb patient’s serum 
after the transfused erythrocytes had bdfen ehminated, e.g. in the 
last case mentioned they were first demonstrated on the forty-fifth 
day after transfusion (forty-second daj’ after delivery). It should be 
noted that this was the patient’s first pregnancy and that her twin 
infants (Rh-positive) were normal. 

Thermal amplitude of anti-Rh iso-agglutinins 

The earliest reports of human immune anti-Eh agglutinins’ 
(Wiener and Peters) describe them as “ cold ” agglutinins'. Levine 
ei at, however, reported that the Eh antibodies in the sera of women 
recently delivered of infants affected with hsemolytic disease were 
more active at 37° C.- than at lower temperatures. We have titrated 
the antibodies of 61 individuals at room temperature and at 37° C. 
In 58 of these the anti-Rh agglutinins had been stimulated by an 
Eh-positive foetus and in three by transfusions of Eh-positive blood. 
In every instance the titre was found to be as great or greater at 
37° C than at room temperature (table 11). 


TaBI£ II 

Comparison of titration values of 61 anti-Rh sera 
at room temperature and at 37° C- 



\\eakerat 

37* C thanst 
room 

temperature 

The Ume at 

37*C as&troon) 

temperature 

Stronger at 37* 0 than at 
room temperature 

JCo. of sera . 

0 

13 

26 

16 

4 

2 

1 

No. of times titto at 37* C.> at 
room temperature 

0 

0 


4 

8 

16 

32 
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BONE FORMATION IN APICAL SCARS 
J. Davson 

From the Department of Pathology, Vtctona Umteraity of Manchester 

(Plates XX-KXII) 

For a considerable time morbid anatomists have differed as to whether 
the anthracotic subpleural apical pulmonary scars so commonly found 
at autopsy are the result of tuberculosis 

Thus Nageh (1000) admitted that it was not aluajs possible to be certam 
of their tuberculous letiology, but thought that when calcification or caseation 
was present within the scars no doubt existed Since then Tocke (1924)* 
Loeschko (1928), Huebschmann (1929), Anders (1929), Aschoff (1929), Oliva 
(1933 34) and Sato (1934) have expressed the belief that all apical scars are to 
be taken as proiiding evidence of previous tuberculosis (re infection lesions) 
Schurmann (1929), Bohne (1930), Wurm (1932) and Rubinstein and Tnuss- 
(1934), on the other hand, have upheld a non tuberculous origin for those in. 
which foci of caseation or calcification were lacking More recentlj Davson and 
Susman (1937) have shown tliat the development of these scars was closely 
related to the accumulation of siliceous dust at the apex and confirmed the 
finding of many previous workers that m most coses definite evidence of 
tuberculosis such as caseous or calcified foci was lackmg Their results have 
been confirmed bj Roulet (1939), who, by chemical analyses of lung apices^ 
showed that a definite increase m siliceous dust occurred with increasing age 
Furthermore, Davson (1939), studying apices from cases aged 35 jears and 
imder, showed that the earliest evidence of apical scar formation could be seen 
m the second decade, and traced n gradual increase in size of the lesions with 
advancing nge At no stage was there evidence of active tuberculosis except 
when generalised tuberculosis coeMSted 

On these results it seems improbable that tuberculosis plays any 
part in the tetiology of the raajonty of apical scars The position is less 
clear, however, when they contain areas of calcification or ossification 

That calcified foci within the lungs might be regarded as evidence of healed \ 
tuberculosis has been recognised since Laennec (quoted by Schurmann, 1926), 
and that such calcified lesions maj become ossified has been shown b> Poliak 
(1901), Poscharissl'j (1905) and others Hence the occurrence of either 
calcification or ossification within an apical scar will suggest, often correctly, 
previous tuberculosis But calcification and ossification maj occur uv other 
parts of tho bodj eg m arteries (M6nckeberg, 1902), muscles (von Dittrich, 
1926), durn mater (Posclmnsskj, 1905) etc, when no suspicion of 0 tuber 
culous ntiolopv arises The possibility therefore exwts that even within apical 
scars calcification and ossification are not always duo to previous tuberculosis 
171 
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This possibility is supported by the occasional finding of multiple foci of 
ossification in the lower lobes of elderly subjects, first described by LuscM'n 
(1850) and later by Nelius (1921), Seemann (1925), Brackertz (1929), Daust 
(1929), Hiebaum (1934), Kemau (1936), Amorim (1936), Teufl (1930:37) anti 
Wells and Dunlap (1943). IVliile favouring a clironic inflammatory or interstitial 
origin for these lesions, none of these authors believed that tuberculosis was 
the cause. 

Thus the occurrence of either calcification or ossification tvithin 
an apical scar need not necessarily signify previous tuberculosis, and 
in this paper an analysis of the incidence of these lesions in a series 
of apical scars is given and their relationship to tuberculosis is discussed. 

Matekcvi, and jiethods 

The material comprised the apices of the lungs from 130 nearly consecutive 
autopsies performed at the Manchester Royal Infirmary. In every case the 
apices of both lungs were cut into thin slices after formol fixation and two or 
more blocks of tissue from each apex were embedded in paraffin and examined 
histologically. Further blocks were taken of all caseous or calcified foci present 
in or near the apex, Deoalcification was performed when necessary in 5 per cent, 
nitric acid. Sections were stained by hajmalum and eosin, and by \\’'eigert’s 
.elastic and van Gieson combination. 


Results 

In general the naked eye and histological findings in this series 
of apical scars correspond tvith those of the previous series described 
by Davson and Susman and divided by them into type A scars, in 
which definite evidence of tuberculosis was lacking, and type B scars, 
wliich presented e\ddence of tuberculosis. Naked eye and histological 
descriptions are therefore given only of those apical scars in wbicb 
calcification or ossification was found to be present. 

Type, A scars 

In 12 out of the 14 type A scars which showed ossification or 
calcification histologically there was no naked eye evidence of either. 
In the remaining two, both from the same case, there were present 
in the subpleural scar tissue numerous rather iU-defined translucent 
grittj’’ foci of small size rvithout evidence of fibrous encapsulation. 

Histology. The essential features consisted of fibrosis of the 
immediately subpleural limg parenchyma together with varyiog 
degrees of carbon and siliceous dust accumulation. Elastic stains 
showed an intact and indeed a proliferated elastic fibre network within 
the entire area of the scar, corresponding in outline Avith the origma 
alveolar elastic netw'ork of the lung. Caseation or encapsulated areas 
of calcified caseous tissue were ah.sent. In tlie 12 scars in which pate i) 
calcification was only discovered on microscopic examination hremaluro 
and eosin-stained sections showed that it occurred in the fonn n 
aggregations of fine bluish granules Avhich gradually diminisheu i 
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number towards the periphery of the deposit (hgs. 1 and 3). The 
calcified foci showed no definite collagenous fibrous tissue capsules 
and no caseation. Absence of caseation was confirmed by Weigert’s 
elastin stain, which demonstrated the elastic network of the scar 
extending throughout the calcified zone (figs. 2 and 4). In two cases, 
however, the elastic fibres within the calcified zone stained less clearly 
than the remainder of the network of which they formed part. In 
two others lesions the calcified foci were very small and were confined 
to areas of collagenous fibrosis within the elastic network. 

Ossification was found in relation to areas of calcification in 6 
scars, and in 2, both from the same case, in which no associated 
calcification could be determined. Bone formation was usually easily 
recognised in the hicmalum and eosin-stained sections. The structure 
was commonly that of woven bone, but where central bone marrow 
formation had occurred (fig. 8) lamellar bone could be seen to be 
present in close relation to the marrow spaces. A collagenous fibrous 
capsule was lacking around the bony foci (figs. 5-8) and there was no 
central calcareous nor caseous mass, the bone often being continuous 
with a calcified or non-calcified area of fibrous tissue forming part 
of the main apical scar. Weigert’s elastin 'stain showed that the 
proliferated intact elastic network of the scarred area coursed up to 
and often through the area of bone (figs. 6, 7 and 9). There was no 
definite evidence of osteoclastic resorption of the calcified fibrous 
tissue and it was not clear how the calcified fibrous tissue became 
converted into bone, but the presence of intact elastic fibres within 
the bone substance suggests that no massive osteoclastic resorption 
had preceded bone formation. However, where bone marrow spaces 
were present, evidence of lacunar absorption of woven bone was seen 
and, adjacent to such areas, lamellar bone had been laid down. More- 
over in such lamellar bone elastic fibrils were for the most part absent, 
having probably been removed when the woven bone underwent 
osteoclastic resorption prior to the deposition of lamellar bone. 

Age incidence. The ages of the 0 cases of ossification in type A 
scars ranged between 62 and 78 (average 70 years). 


■ Type B scars 

Of 16 type B apical scare in which evidence of healed tuberculosis 
was found on subsequent histological examination, 13 showed 
calcification, and of these, 7 (from 6 cases) showed various degrees of 
ossification, while 3 soars showed fibrous nodules which were regarded 
as probably tuberculous. 

Nalxd eye appearances. In 10 of the scars the lesions were 
immediately subpleural in site, in the remaining 6 they were some- 
what deeper within the apex. On section the lesions consisted of 
small hard pale yellow foci surrounded by well defined greyish rings 
of fibrous tissue, around which were ill-defined areas of anthracotic 
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lung tissue of varying amount. In the 3 scars that contained fibrou? 
nodules the lesions consisted of firm greyish white foci of small size. 

Histology. The yellowish foci consisted of central masses of 
calcified necrotic tissue surrounded by a collagen fibre capsule that 
clearly demarcated the calcified mass from the surrounding lung 
tissue. This in turn showed irregular fibrosis in varying amount, 
together with carbon pigment accumulation. Bone formation in 
some degree was present in 7 scars and was usually of lamellar 13 ^ 0 , 
being laid down in an incomplete ring between the fibrous capsule 
and the central calcified mass. Howship’s lacunm along the edge 
of the calcified mass were fi:equently seen, and in two lesions osteoclasts 
were seen lying between the calcified mass and the fibrous tissue 
capsule. Thus in type B scars there is definite evidence that osteo- 
clastic resorption precedes bone formation. 

Elastic staining showed that elastic fibres were either absent from 
the calcified areas, or, as in 2 cases, were fragmented and thin and 
did not form part of a network extending in from the surrounding 
lung (fig. 10). The proliferated elastic network of the surrounding 
lung tissue was sharply demarcated from the central calcified area b}' 
a zone of dense fibrous tissue in which no elastic fibres were present 
(fig. 10 ), or if visible, existed only as isolated fragments and not as 
part of a continuous network such as was seen in the calcified or ossified 
areas of type A scars. 

Bone marrow formation was recognised in relation to bone 
formation in 3 scars. 

Age incidence. The ages of the 7 cases showing ossification in 
type B scars ranged between 48 and 66 (average 57 years). 


Summary of the differences between type A and type B scars 

( 1 ) Areas of calcification and ossification are usually recognisable 
to the naked eye in type B scars, in type A only as a rule on histo- 
logical examination. ( 2 ) Calcification in type B primarily involves 
a necrotic mass ; in type A there is no obvious necrosis, calcification 
occurring in small irregular deposits in the fibrous tissue of the scar. 
(3) Bone formation in type B begins at the periphery of the mam 
calcified mass ; in type A it is haphazard in its relation to the foci 
of calcification and may apparently develop without previous calcihca- 
tion of fibrous tissue. (4) The elastic network is firagmentary o’" 
absent in type B areas of calcification or bone ; in type A lesions 
intact elastic network can be demonstrated within the area 
calcification or ossification in direct continuity rvith the netvo 
outside. 


Discussion 

Ossification and calcification within apical scars may be the 
of two distinct processes. They may occur as the later stages 0 



P '10 7 — A larger focus of m oa en bone Fio 10 — Calcification ond ossification m a typo B scar 

Mithin n typo scar, sho^vlng tlio Liastio fibres con onlj be seen e'ctcmnl to tho thick 

intact ehstic networl \\cigcrtfa collogen fibre capMilo which separates tho calcified 

d istic stain and ^ an Gieson X 7o casooas tissue from tho surrounding lung parenchyinn 

\\ oigert s clastic stain and ^ an Gieson X 7o 
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healing process in encapsulated areas of tuberculous caseation, i.e. in 
type B scars, or they may develop as late phenomena within type A 
(non-tuberoulous) scars. To a certain extent this view suggests that 
previous work on the incidence of healed apical tuberculosis (so-called 
reinfection lesions) may require slight modification. Thus Kageli (1900), 
and Burkhardt (1906-07) assumed that the presence of calcification 
within apical scars was evidence of previous tuberculosis, but neither 
discussed the significance of bone formation. Opie (1917) may have 
interpreted such non-specific calcification and ossification as evidence 
of healed tuberculosis in his radiological studies of autopsy ‘lungs, 
since he does not aiways seem to ins instoiogi' 

eally. However, as these non-specific lesions are found only in the 
later age-groups (50-80 years), they are not likely to have affected 
materially the validity of his figures. Terplan (1940), in his recent 
series of papers on the morbid anatomy of pulmonary tuberculosis, 
does not mention t3^e A scars nor the possible sigmficance of 
calcification or ossification within them, so that it is not possible to 
be certain whether he attached any importance to their presence in 
arriving at the figure of 97 per cent, for the incidence of tuberculous 
lesions in 99 autopsies between the ages of 50 and 90 years. 

Ossification in the lower lobes as a rare autopsy finding has been 
described, as mentioned above, by Luschka and others. Most authors 
(Nelius, Seemann, Daust, Hiebaum, Kemau, Teufl) believe that the 
process of dssification occurs by direct change of either fibrous tissue 
or an inflammatory exudate into bone without previous osteoclastic 
resorption of a calcified matrix, and several (Nelius, Haust, Kernau) 
describe the presence of intact elastic fibres of the alveolar network 
within the "areas of bone. The parallelism between their observations 
and the findings in this study of bone formation in type A scars 
suggests that a similar mechanism is involved which is different from 
the mode of ossification in typo B scars, where osteoclastic resorption 
of a calcified matrix precedes bone deposition (Poliak, 1901 ; 
Poschariesky, 1905 ; Wurm, 1936 ; Schurmann, 1926). 

Thus in type A scars the first stage of ossification consists of the 
laying down of woven bone, either in association with a focus of 
calcified scar tissue or in fibrous tissue not preyiously calcified. The 
second stage, when present, consists of osteoclastic resorption of the 
woven bone with formation of bone marrow space and subsequent 
dowiv of bone tbo wirfato of tbo eiofiefi woven 

bone. 

In type B scars, on the other hand, the calcified tissue undergoes 
osteoclastic resorption directly, a bone marrow space forms and 
lamellar bone is laid down on the surface of the calcified tissue. 

The presence of intact elastic fibres within bone was first described 
as occurring in normal bone by Muller (1860) and later by Schafer 
(1878) (both quoted by Weidenreich, 1930), so that their occurrence 
in heterotopic bone is not an isolated pathological phenomenon. 



176 


J. DAY SON 


The average age of the 6 cases in which ossification in tj'pe A 
scars occurred was 70 years, while that of the 6 cases in which 
ossification in type B scars occurred was 57 years. This age difference 
is statisticallj’- significant and it may be concluded therefore that 
ossification is a somewhat later phenomenon in tj^pe A than in t}pe B 
scars. It is interesting to note that Daust observed that tlie average 
age for the Luschka tj'pe of lower lobe ossification was 67i j'ears, 
cotresponding with the figure of 70 years for tj’pe A scars in this series. 


SUTMSIAItr 

1. The apices of the lungs from 130 autopsies were studied 
histologically. 

2. Calcification alone was present in 6 out of 14 type A (non- 
tuberculous) scars, calcification and ossification in 6 and ossification 
alone in 2. In 12 of these scars there* was no naked eye evidence of 
either calcification or ossification. 

3. Calcification was foimd in 13 out of 16 type B (tuberculous) 
scars and of these, 7 showed ossification. 

4. The presence of an intact elastic network witliin calcified and 
ossified areas in t 3 Tpe A scars and its absence in type B lesions is 
demonstrated. 

5. The mechanism of ossification in t3T5e A scars resembles that 
occurring in the Luschka type of pulmonary ossification and differs 
from the mechanism occurring in type B scars. 

6. Ossification occurs at a later age in type A than in type B scars. 

7. Calcification and ossification in apical scars are not always 
indicative of previous tuberculosis. 

I wish to thank Professor S. L. Baker for lielpful criticism and Mr F. \tard 
for the micro-photographs. 
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THE ANTIGENIC STRUCTUEE OF ERYSIPELOTHRIX 
A. W. Gledhill 

Institute of Animal Pathology, University of Cambridge 

Swine erysipelas caused by Erysipelothrix rktisiopatkice occasions 
considerable losses amongst pigs in most countries of the world and 
apparently identical organisms have been held responsible for disease 
in man and in many species of animals. It is therefore of considerable 
importance to determine whether there exist differences between 
strains from different hosts and from various parts of the world. 
IVom the biochemical standpoint the group is practically homogeneous 
and such differences as exist are too variable to provide a basis 
for classification (Watts, 1940 ; Karlson and Merchant, 1941), As 
regards serological classification the literature shows that all strains 
are agglutinated by immune sera prepared against pig strains, so 
that there must bo at least one common antigen. There is, however, 
no agreement as to whether the group is homogeneous. In his study 
of 43 strains obtained from many countries and from various species 
of Mvimtds, Watts, confirmed that csosa agglutination oconra botweon 
aU strains ; he demonstrated the existence of two ^ group-specific 
hcat-stablo antigens capable of ^vithstanding boiling for four hours, 
which enabled him to divide his strains into two groups, 38 belonging 
to one and 6 to the other. In order to explain why cross agglutination 
occurs between the organisms of these two groups and why sera 
prepared from antigens of one group ndll give a high degree of protec- 
tion only to mice infected \rith the same group, he suggested that 
■each probably contains two heat-labile antigens present in different 
proportions in the two groups. Atkinson (1941), however, claims 
that there are intermediate strains in addition to two well marked 
groups, while Julianelle (1941) found t)ie strains he studied to be 
homogeneous. 

TEciiNiQin: 

y/nin/«nnncc of cultures. All strains used in this investigation uere smooth 
and were maintained by growing them on 3-5 per cent, horse serum broth, 
aubcuUuring once a month. 

Prrjwrohon of suspensions. Strains ucro subcultnred daily on the serum- 
broth medium before inoculating bottles of glucose broth of pH 7-8. These 
were incubated at 37® C. for 24 hours, centrifuged and the bacterial dcpo*5it 
To-suspondod in normal saline containing 1 ; 2000 mertbiolnte. Such saspensjons, 
of a concentration 5-10 times Brovm*« tube no. 10, were stored in the cold room 
and diluted with normal saline as rcquireil. The methotl -was not satisfactory 
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for the production of large amounts of antigen owing to the poor growth and 
the large volumes which required to be centrifuged. Other cultural methods 
were tried without success. 

Preparation of antisera. Following Watts’s method, doses of 1, 2, 3 and 
3 c.c. of antigen were injected intravenously into rabbits, the opacity being 
standardised to twice that of Browm’s tube no. 10. The injections were at 4-day 
intervals and the rabbits were bled , 10 days after the last injection. In the 
preparation of antisera with boiled antigens, suspensions were boiled for 4 hours 
before injection. ' 

Method of carrying out the agglutination test. Slerthiolated antigen of an 
opacity equal to Browm’s tuba no. 3 was added to equal volumes of twofold 
dilutions of serum, the final proportion of serum in the first tube being 1 : 20. 
The tubes were incubated at 42° C. in the water-bath for 4 hours and at 37^ C. 
in the incubator for a further 14 hours, making 18 hours in all. The results, 
recorded at 4 hours and 1 8 hours, were signified by -f- for very slight agglutination 
to for complete agglutination. The titres of sera in the following 

tables have been taken as the last tube showing + + + agglutination after 
18 hours. This procedure was adopted as it often happened that sera showed 
very’ nearly complete agglutination over a wide range, while in few tubes was 
it absolutely complete. Unless explicitly stated, boiled suspensions were not 
used as antigen for agglutination tests because they tended to be unstable. 

Absorption of sera. The sera W’ere mixed 'with suspensions to give a dilution 
of 1 : 5 and incubated at 37° C. After agglutination and centrifuging, tlie 
dilution of the supernatant was increased to 1 : 10 by adding more antigen. 
Further amoimts of the stock antigen were centrifuged as required to complete 
the absorption, the deposits being re-suspended in the diluted serum so that 
the dilution was maintained at 1 : 10. The absorption was deemed to be 
complete when the serum could no longer clear itself of antigen. Absorption 
of agglutinins often took a fortnight, though it was quicker when the antigen 
employed could not completely absorb the serum. MTiere absorption 'wa* 
incomplete, incubation at 37° C. in the presence of antigen was contmued for 
a fortnight in order to ensure that the long period of incubation of itself di 
no appreciable damage to the agglutinins. This procedure for absorption was 
followed in preference to the more usual single addition of antigen in excca 
in order to economise in antigen, 'which was difficult to produce in large amounts. 


Results 

The heat stability of antigens of Erysipelothrix 

Watts’s results were taken as a starting point in the present work ^ 
that it was necessary, in the first place, to prepare specific sera again 
boiled antigens. For this purpose 11 cultures were selected, 6 of 
were obtained from Watts and 2 from the National Collection of TjT’ 
Cultures, the remaining 3 being isolated by the 'writer from a pig, n 
and a mouse. Of Watts’s cultures 3 were known to belong to liis rai®'' 
group and from 2 of these sera were prepared in rabbits. 
also prepared from 2 of the remaining 8, the antigen being hoi* 

4 hours in all cases. The results obtained with these 4 antisera an^ 
the 1 1 strains are sho^vn in table I. It Avill be seen that i 
serum of each of Watts’s groups, namely D and EW 2, consi 
cross agglutination occurs. This is not in agreement with the S ^ 
specificity of the heat-stable antigens claimed by him. It 
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that either the heat-stable antigens are not entirely group-specific 
or the common heat-labile antigens survive boiling to a sufficient 
extent to produce antibodies ^vhen injected into rabbits in the large 
doses used. In this case, boiled antigen might not be expected to 
be agglutinated by heterologous sera, for if the heat-labile antigen 
had escaped destruction on the majority of the bacterial cells, there are 
no grounds for calling it tUcrmolabile at all. To test this point, the 
titres of sera prepared with EW 2 unboiled and EW 6 unboiled were 
determined with boiled antigens of EW 2, EW 6, EW 11 and MEW 22. 
The titres of both sera were 1 : 640 with boiled homologous antigen 


Table I 

Titres of sera prepared with boiled arxtigen against 
11 selected strains of Erysipelothrix 


Antigen 

Serum prepared against strain 

U bolted 

DboUcd 

EW 2 boded 

EWIO boUed 

EW2 

0 

320 

2500 

2560 

BWIO 

0 

160 

640 

1280 

EW24 

0 

80 

128D 

320 

BWU 

0 

40 

640 

80 

R 

80 

640 

320 

20 

D 

160 

5120 

320 

20 

EW6 

640 

640 

640 

40 

EW9 

ICO 

160 

320 

0 

1224 

040 

1280 

640 

40 

3406 

040 

320 

320 

20 

MEW 22 

0 

160 

640 

80 


EW 2, EW 10 and EW 24 correspond to Watts’s rarer group. 
0 =» no agglutination In a seriim dilution of 1 : 20. 


and 1:160 ndth boiled heterologous antigens except EWll, with 
wlvich the titres were 1 ; 80, From this it is inferred that the heat- 
stable antigens are not exclusively specifie. It is therefore unnecessary 
to postulate the existence of thermolabile antigens to explain the 
cross agglutination which occurs between sera and heterologous 
strains. Further evidence on this point was sought by absorbing 
each of four sera prepared against unboiled suspensions of EW 
EW 6, EW 11 and MEW 22 with boiled suspensions of all of these 
strains. In this way all agglutinins corresponding to thermostable 
antigens were removed in each case. The resulting sera failed to 
agglutinate unboiled suspensions of these strains, which provides 
strong evidence that at any rate these four strains contain no heat- 
labile antigens. 

Olassificalion of strains according to heat-stable antigens 

As there is no reason for postulating the existence of heat-labile 
agglutinogens, there must be at least one common beat-stable antigen 
to account for cross agglutination. To determine whether there are 
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in addition specific heat-stable antigens, sera were absorbed bj’ 
heterologous strains and examined for residual agglutinins. (It should 
perhaps be stated that the term antigen refers to reactive groups, all 
of which may be components of one antigen in the more correct 
sense ; the term is, however, retained since it leads to no ambiguity 
here.) 

The two sera of table I prepared against D boiled and EW 10 boiled were 
absorbed by the heterologous strains EW 2 and R respectively. Of the remain- 
ing two sera shown in table I, that prepared against R boiled required no 
absorption to reveal its group-specific character, while that prepared against 
EW 2 boiled was absorbed and used against a larger series of antigens later 
(table HE). It will be seen in table H that 9 of the antigens fall into two groups 
with no significant cross agglutination, while EW 1 1 and MEW 22 belong to 
neither group. Neither of these antigens was agglutinated by a mixture of 
absorbed sera of each group. Sera were prepared from them and it was found 
after absorption that each formed a separate group although both sera required 
to be absorbed with strains of both of Watts’s groups before their group 
specificity became manifest. 

Tabue n 


Agglutination titres of absorbed sera 


Antigen 

Sem prepared against strain 

D boiled, 

absorbed with EW 2 

EWIO boned, 
absorbed with H 

EW2 

0 

1280 

EWIO 

0 

320 

EW24 

0 

320 

EWll. 

0 

20 

R 

160 

0 

D 

640 

0 

EW6 

640 

0 

EW9 

80 

0 

1224 

320 

0 

3406 

160 

0 

MEW 22 

0 

0 


Following the classification of the eleven cultures into four groups, o ic^ 
strains were tested against absorbed sera of these groups. Twentj’ fun 
strains, of which 12 were isolated from pigs, 4 from sheep, 2 from micron 
from a goose and one from an African jacana, were obtained from Dr R- ■ 
Montgomerie, Dr P. S. Watts, Miss N. Atkinson and the Curator of the 
Collection of Type Cultures. The results with these strains, togethe r ^ ‘ ‘ 
4 tjpe strains EW 6, EW 2, EW 11 and MEW 22, are shown in table Ul. 


From the results in tables I-III, 24 of 31 strains fall into group- 
as under. 

Group I (EW 6, R, D, EW 9, 1224, 3406, 1694, Eu, HSE 2) 9 strains 

Group II (EW 2, EW 10, EW 24, PLK, 2422) . - - 5 „ 

Group in (EW 11, EW 16, HE, Ely, V) . 

Group IV (MEW 22) 

Agglutinated by both group I and group 11 sera (PLA, 

AE 1, AE 2 and AE 5) • 


4 strains 
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The remaining 7 strains (5926, 1414, 2420, 807 B, 3260, 2825 and 
3269) were not agglutinated by any of the absorbed sera nor by a 
mixture of these sera, so that it was evident that they formed at 
least one additional group. Sera were prepared from the boiled 


Table HI 

Titres of the four group-specific sera with antigens of the twenty additional 
strains (one strain typical of each group being included for comparison) 


Antigeiu 

Scnim prepared against 

group I B boiled, 
oot absorbed 

group IT EW2 
boUed, absorbed 
B(I) and BWll 
(UI) 

group HI £W1I 
boilra, absorbed 
EW 2 (11) and 
EW 6 (1) 

group IV. MEW 22 
boiled, absorbed 
B(I) and EWll 
(IH) 

EW6(I) 

160 

0 

0 

0 

EW2 (H) 

0 

1280 

0 

0 

EWll (in) 

0 

0 

160 

0 

MEW 22 (IV) 

0 

0 

0 

160 

Ru 

40 

0 

0 

0 

V 

0 

0 

80 

0 

PLK 

0 

320 

0 

0 

EW18 

0 

0 

160 

0 

1694 

80 

0 

0 

0 

2422 

0 

160 

0 

0 

HSE2 

80 

0 

0 

0 

he 

0 

0 

40 

0 

Ely 

0 

0 

40 

0 

6026 

0 

0 

0 

0 

1414 

0 

0 

0 

0 

2420 

0 

0 

0 

0 

807 B 

0 

0 

0 

0 

3260 

0 

0 

0 

0 

2825 

0 

0 * 

0 

0 

3259 

0 

0 

0 

0 

PLA 

160 

320 

0 

0 

AE 1 

40 

80 

0 

0 

AE2 

160 

320 

0 

0 

AEd 

160 

040 

0 

0 


In this and subsequent tables the Roman numerals m brackets indicate the 
serological groups to which strains belong. 


antigen of two of them (32C0 and 1414). The titres of these two 
sera with the homologous strains were 1 : 160 and 1 : 80 respectively 
and with the four type strains varied between 1 ; 40 and 1 ; 320. 
No attempt was made to produce type-spoeifio sera by absorption 
because, owing to the low titres with homologous strains, complete 
absorption would almost certainly have occurred. No attempt was 
made to produce specific sera with the remainder of these 7 strains 
since the classification had become impracticable because of these 
strains and the four agglutinated by specific sera of both group 1 
and group II. 
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The distribution of heat-stable antigens in strains of 
different serological groups 

The simplest antigenic structure to account for the results obtained 
is to postulate a common heat-stable antigen to explain cross 
agglutination and, in addition, at least five specific heat-stable 
antigens to account for the four groups and the seven aberrant strains 
just considered. For the results with the last four strains in table III, 
there would appear to be two . explanations consistent with this 
hypothesis. Either these strains possess antigens of groups I and II 
and were therefore agglutinated by mono-specific sera of both groups, 
or the sera used for grouping in table III were not mono-specific. 
That the latter alternative is probably correct was shown by absorbing 
the group II serum used for the tests of table III, in one instance 
wdth AE 1 and in the other with AE 2. The titres of these absorbed 
sera with aU the group II strains are shown in table IV. It will be 

Table IV 


Agglutination titres of serum prepared with EW 2 boiled 


Antigens 

Serum prepared against strain EW 2 boiled and 
absorbed ■wltb 

n, EWU and AEl 

E, EWlland AE2 

EW2 (U) 

ICO 

80 

EW 10 (H) 

160 

160 

EW24 (II) 

40 

40 

PLK (U) 

40 

40 

2422 (H) 

• 20 

40 

PLA 

«.* 

0 

AEl 

0 

0 

AE2 

0 

0 

AES 

0 

0 


seen that the four strains agglutinated by group I and group 11 sera 
do not belong to group II. Also, the lower titres of EW 24, PLK an 
2422 as compared with EW 2 and EW 10 give the impression t a 
further absorption would differentiate them into a separate group. 
However that maj' be, AE 1 , AE 2 and AE 5 do not themseb ca 
form a single group, as vras sho%vn by the fact that AE 2 a 
was agglutinated by a serum prepared against strain 5926 an 
absorbed with EW 2, EW 1 1 and JIEW 22. It should be stated that 
AE 1 and AE 2 completely absorbed the group I specific bctutd, ^ 
that these strains contain group I antigen. It is concluded o 
these results that specific antigens may be shared to some 
■strains of other groups. That serological grouping is possible 
many strains, however, does suggest that for them there is one 
agglutinin in addition to the common agglutinin and the resul s 
strains AE 1, AE 2, AE 5 and PLA are not inconsistent with this vic 
■ since they are not agglutinated by truly specific group II serum. 
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Absorption experiments with sera prepared against 

unboiled antigen ' ^ 

The results of five absorptions with heterologous strains of sera . 
prepared against unboiled antigen are given in table V ; in three of 


Tabue V 

Absorption of sera prepared from unboiled antigen by heterologous strains 


Serum prepared BgalQst 

Titre with homolosotts 
strain before absorption 

AbsoibinE strain 

Titre with homologous 
strain after absorption 

EW2 (II) 

2500 

K(I) 

0 

EW2 (II) 

2560 

EW U (HI) 

0 

R(I) 

040 

EW2 (H) 

80 

R(l) 

C40 

EWIO (U) 

80 

EW6(I) 

6120 

EW2 (11) 

0 


the tests complete absorption occurred. In contrast, it has not been 
found possible by the method employed to absorb completely sera 
prepared with boiled antigen. This difference is e.vplained by the 
hypothesis that in sera prepared against unboiled antigen the hetero- 
logous agglutinins are in relatively greater concentration. Much 
greater amounts of absorbing antigen were required before reaching 
the point at irhicii the absorbing strain was no longer agglutinated ; 
in consequence of this agglutinins which were minor in relation to 
the absorbing strain were absorbed to a correspondingly greater 
degree. If this explanation is correct, it should be possible to absorb 
with a heterologous strain which cannot normally absorb it all 
agglutinins from a serum prepared against boiled antigen by in- 
creasing in the serum prior to absorption the amoxint of agglutinins 
corresponding to the common antigen and to the absorbing strain^s 
specific antigen. 

Tliis was achieved by adding serum prepared against the heterologous 
absorbing strain to tlio serum to be absorbed. The absorption technique did 
not differ from that described ; the only point to be noted was that the final 
serum dilution of 1 ; 10 of the former technique refers here to the serum to be 
absorbed only, the serum corresponding to the absorbing strain being ignored. 
The method eraployetl for the absorption of group I serum prepared against 
boiletl antigen with a group II antigen, and vice versa, required some adjustment 
of the dose of added serum and in one case tlie addition of a group IH specific 
serum before complete absorption resulted. 

Unless the absorption be attributed to some non-specific 
phenomenon, the hj’pothesis which suggested the experiment receives 
confirmation. The method was also extended with success to the 
two sera prepared against unboiled antigen which were not absorbed 
in table V ; the results with sera against boiled and unboiled antigen 
are shown in table YI. 

Direct confirmation that the inability of heterologous strains to 
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absorb sera prepared witb boiled antigens was consequent upon tlie 
absorption- technique adopted was obtained by absorbing sera pre- 
pared against a boiled group III strain (EW 11) and a boiled group R’ 
strain (SIEW 22) with a group I (EW 6) and group II strain (EW 2) 
respectively at 0° C., and continuing the additions of antigen after 
agglutination had ceased. The homologous titres of these sera before 
absorption were 1 : 640 and 1 : 2560 respectively. After absorbing 

Tabii: VI 

Absorption of agglutinins by heterologous strains from sera 
to which other sera have been added 


Scrum to be 
absorbed prepared 
against strain 

Titre with 
homologous 
strain before 
absorption 

Quantity 

used 

Sera added, prepared 
against strains 


.Absorbing 

strain 

Tifie»ith 1 
hone'e?;-.! ; 

E. boiled (I) 

SO 

0-1 c.c. 

EW 2 boiled (II) 

0*5 c.c. 

EW2(n) 

0 1 

EW 2 boiled (II) 

2360 

0-05 c.c. 

R boiled (I) 

0-25 c.c. 

R(I) 

0 i 

... 

... 

EW 11 boiled (in) 
absorbed* 

0-20 c.c. 

... 

1 

5 

0 i 

R unboiled (I) 

G40 

O'l c.c. 

EW 2 boiled (II) 

0-1 c.c. 

EW2 (II) 

R unboiled (I) 

040 

0-1 c.c. 

EW 2 and EWll 
boiled (II and 

in) 

0-1 c.c. 
of each 

EWIO(II) 

^ 1 
i 


• EWn Lolled absorbed refers to a scram prepared alth EWll Lolled and absorbed 'vitli 
and EW 0 so that It was spcciflo for the EW 11 group as shown In table in. 


them with amounts of antigen equal to about three times the amount 
of homologous antigen which would have been required for complete 
absorption, the serum against EW 11 boiled was absorbed while that 
against hlEW 22 agglutinated this strain completely at a dilution 
of 1 : 20 and partially at 1 : 40. This serum was completely absorbed 
after further addition of about half as much antigen as had been 
already used. These findings suggest that the absorbing strain 
possesses, as a minor antigen, the major antigen of the strain uith 
which the serum was prepared. Though few absorptions of this Kind 
were carried out, absorbing strains were selected as being least libel} 
to absorb sera on the basis of the classification of table III. 

Discussion 

The results of the experiments described might be e.xplaincd on 
the hj’pothesis that the antigens are heat-stable and that each strain 
possesses one which is common to all strains and one wliich is speci c- 
In addition, strains possess as minor antigens the specific antig«^ 
of many other strains, in such a way or in such amount that i 
interaction ivith corresponding agglutinins does not result in agglnh^® 
tion. In ^-iew of the fact that complete absorption of sera vi_^ 
heterologous strains was achieved in the experiments undcrtaKcn, 
is unnecessary to postulate a common antigen to explain c 
agglutination if, instead, it is assumed that strains po?se.'s mo- 
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antigens in some quantity or arrangement. Apart from the greater 
number of antigens, the antigenic structure of the Erysipolothrix 
group according to this hypothesis resembles that ascribed to the 
Brucella group by Wilson and Miles (1932). That strains of Brucella 
should absorb minor agglutinins rather easily ivliile strains of 
Erysipolothrix absorb them only with difficulty would not be un- 
expected, since the quantity of the single minor antigen on bacterial 
cells of the former group would greatly exceed that of any one of the 
many minor antigens on cells of the latter group ; a larger number 
of Erysipolothrix organisms would therefore bo required to absorb 
a heterologous serum than in the case of Brucella organisms. If, 
however, the existence of a common antigen is maintained, then 
there is a general resemblance to the Brucella group among the specific 
antigens. The facts elucidated in the Erysipelothrix group are of the 
same kind as in the Brucella group, although they have been determined 
in relation to fewer strains. 

To account for the differences between sera prepared with unboiled 
and boiled antigen, it must be assumed that, though the antigens 
are heat stable, they suffer some damage by prolonged boiling. Sera 
prepared with boiled antigen tend to be more specific and are more 
difficult to absorb with heterologous strains. Assuming a common 
antigen, the explanation would be that this antigen is somewhat less 
heat-stable than the specific antigens, so that it is reduced in quantity 
in the boiled suspensions used for rabbit immunisation, with the 
result that the agglutinins corresponding to it would be produced less 
abundantly. This explanation is not easy to reconcile with the fact 
that boiled suspensions may produce sera which are practically specific 
or sera which agglutinate heterologous strains at considerable dilutions 
(see table I). On the hypothesis that there is no common antigen, 
the differences are explained^ by supposing that prolonged boiling 
reduces the antigenic content of a suspension, but the amount of the 
major antigen .which withstands heat treatment is more likely than 
the minor antigens to stimulate antibody formation in the rabbit. 
That some boiled suspensions produce sera which are almost specific 
while others produce sera which agglutinate heterologous strains 
may bo expected to result from comparative differences in quantity 
of minor antigens in relation to major antigen in different strains. 
The immunising power of boiled suspensions should therefore be 
approximately equivalent to that of unboiled suspensions in smaller 
doses. Some direct confirmation of this view has been obtained in 
tests with sera, prepared rvitli unboiled antigen in doses 1/lOOth of 
those previously used. The results rvith two sera prepared in tliis 
way are shown in table VII. It is evident that without absorption 
of any kind the sera divide the strains into two groups shown to 
exist previously by means of sera prepared with boiled antigens and 
absorbed in most cases. 

These results appear to be in keeping with the work of Atkinson, 
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■who classified strains of Erysipelothrix into two distinct groups and 
an intermediate group. She kindly supplied a culture belonging to 
each distinct group (AE 1 and AE 2) and one belonging to the inter- 
mediate group (AE 5). In the preparation of sera she gave eight 

Table VH 

The agglutinating litres of sera prepared by immunising 
rabbits with small doses of unboiled antigen 


Senim prepared 
against 

Antigens 

Group I 

Group 11 

Group 

III 

Group 

IV 






3400 

D 




rwii 

MEWje 

EVV6 (I) 

320 

80 

160 

640 

320 

80 

0 

0 

20 

0 

0 

EW 2 (II) 

0 

0 

0 

0 

0 

0 

80 

320 

160 

0 

0 


graded doses on succeeding days, the final dose having a strength 
of about l/20th to l/30th of that used in the work described here. 
Reference to tables III and IV shows that her three strains were not 
separated from each other by the four absorbed sera used for grouping. 
There was e'ddence, however, that the major antigen of AE 2 differed 
from that of AE 1 and AE 5, which is in agreement with her findings. 
It would appear that her tlrree type strains possess a closer resemblance 
to each other than that existing between typical strains of the groups 
described above. That she separated them partially by the direct 
agglutination teclmique and more completely by the indirect technique 
was probably due to the method she adopted in preparing sera, her 
results being comparable with those shown in table VII rather than 
those of preceding tables. 

SXTjrMABY 

1. The antigens associated with strains of Erysipelothrix vere 
shown to be heat-stable but suffered some damage by prolonged 
boiling, which accounts for the differences observed between sera 
prepared -with boiled and rmboiled antigens. 

2. Twenty out of 31 strains were classified into four serologica 
groups by agglutination-absorption methods. To classify tne 
remainder, several more groups would have been required. 

3. Under certain conditions sera could be completely absorbed 

heterologous strains. . 

4. The results are compatible ■with an antigenic structiue in 
strains are qualitatively homogeneous as regards their antigens . ^ 
these there are a large number, the difference between serological gro“P 
arising from differences in the quantitative or .spatial distnbu i 
of these antigens. 
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576 . 8 . 093 ■ I = 57® • 851 . 214 (Sir. agalaclice) 

THE EFFECT OF HUMIDITY ON THE SURVIVAL 
OF DRIED CULTURES OF STBEPTOCOGCUS 
AQALAGTIM 

P. S. Watts 

The Hannah Dairy ResearcJi Institute, KirWiill, Ayr 

Despite the considerable amount of information available on the 
survival of streptococci and other bacteria when dried and maintained 
in this state (recent lists of references are given by Morton and 
Pulaski (1938) and by Heller (1941)), there appear to be no references 
to the behaviour of bacteria when maintained under other conditions 
of humidity. In work in progress it was necessarj' to preserve certain 
strains of Sirtplococcxts agalactice for a considerable time. Repeated , 
subculture was to be avoided and no apparatus for the rapid freezing 
and dehydration of the cultures was available. It was considered 
possible that as milk is the normal pabulum for this organism it might 
be valuable as a protective agent, since Heller has shown that, when 
the menstniura is colloidal, bacteria remain viable much longer. 

Absolute drying of the cultures wras not attempted in the present 
study, but they were desiccated as thin films on the inner surface of 
small test-tubes so that the bacteria w'ere surrounded by a film of 
dried milk solids, including protein, but negligible amounts of fat — 
less than 0*1 per cent, of the original bulk of the milk. The majority 
of the cultures were stored over pure sulphuric acid (this does not 
fume) and were thus in a completely dry atmosphere, but advantage 
was taken of some spare space in a number of desiccators containing 
mixtures of sulphuric acid and water to store some of the cultures at 
humidities higher than 0 per cent. The results obtained seemed to 
show that the death-rate of bacteria at humidities higher than 
0 per cent, did not hear a linear relationship to the humidity and that 
at any given humidity the death-rate was not logarithmic. The 
cultures stored at 0 per cent, ‘humidity remained viable for three 
years and were found to be unchanged morphologically and to have 
the same serological and biochemical reactions as before desiccation. 
The experiment was therefore expanded to include more humidities 
and a fresh series of dried cultures was prepared, using three strains 
'of Sir. agalaclia; of geographically separate origin. 

Experimental technique 

Litrnua milk cultures were incubated for 18 hours and then removed ond 
neutralised with sterile sodium hydroxide solution. Using graduated pastour • 
pipettes delivering 40 drops to the millilitre, a single drop of culture was placed 
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in each of a large number of small sterile test tubes measuring 3 by in. 
These were then mounted upright in holes in wooden trays and placed in an 
incubator at 37° C. over CaCh. After 24 hours they were removed and plncwl 
in desiccators over mixtures of sulphuric acid and water of the following speeiftc 
gravities: 1-84, 1-55, 1-51, 1-45, 1-4, 1*332, 1-312, 1-29, 1-27, 1-247, 1-22 and 
1-00. These represent relative humidities of 0, 10, 15, 25, 35, 50, 55, CO, G5, 
70, 75 and 100 per cent. The desiccators were then stored at room temperature 
imder benches away from direct light (for the influence of this factor on the 
survival of bacteria see Solowey ct al., 1942). A quantity of uninocnlated 
culture medium calculated to give a film of similar thicloiess to that of fho 
bacterial films was also exposed in petri dishes in the-desiccators and was found 
to have reached equilibrium with the atmosphere within 48 hours. 

The moisture content of similar dried skimmed milk was also calculated by 
exposing quantities of 20 ml. in petri dishes to a series of humidities. Drj-ing 
in the incubator over CaCU docs not remove all the water, since further .storage 
of these samples over PoOg showed a steady loss at each weighing. In view of 
the complexity of the substrate and the difficulty of defining when this was 
absolutely dry it was decided to use as the “ dried weight ” the weight of milk 
after drying over CaCU at 37° C. for 48 hours and storage over PjOg for 8 da\-3. 
Tills treatment differs from that accorded to the actual cultures, but for the 
purposes of the experiment it was desired to Imow the absolute moisture 
content (so far as it could be ascertained) and therefore comparable treatment 
in drying was not necessary-. These dried milk films were exiiosed to the various 
humidities and weighed until equilibrium was reached. The results recorded 
as moisture content expressed as a percentage of the “ equilibrium weight " 
aro given in the second column of the table. 

Coimts of viable bacteria were made before the cultures were placed in tho 
desiccators and thereafter at varying intervals (which became longer as tho 
experiment continued) for tho duration of the experiment or for as long n-5 
viable bacteria were present, whichever was the shorter. For this tho dried 
drop at the bottom of each tube was emulsified in one drop of sterile tap water 
by rubbing with a sterile glass rod with a ground end. Approximately- 0-5 ml. 
of water was then transferred from a 10 ml. water blank to tho tube and the 
resulting emulsion removed and returned to the same water blank. This gave 
a dilution of tho original culture of (j^ ml. in 10 ml.). Decimal dilution 
in tap water were made and duplicate plates poured using 1 ml. of dilution nna 
10 ml. of blood agar to each plate. 


JResnlfs 

Every week at first and then at longer intervals up to tiiree 
months, duplicate tubes of each culture were removed from each 
desiccator and ^nabIe bacterial counts made ; the three cultures 
behaved identically throughout the experiment. When the tubes 
were placed in the desiccators the count was 150x10® per ml. After 
the second week the cultures at 100 per cent, relative humidity were 
discarded because of moulding. The results at the other humidit>^° 
are shown on figs. 1 and 2, where the logarithms of the 
coimts of the three cultures are plotted against the time. AH 
curves cannot be shown on one graph owing to overcrowding : . 

are therefore dii-ided into two, those over 35 per cent, humidity cwz 
regarded as in atmospheres of high humidity and those under > 
as in low humidities. This division is quite arbitrary and mere. 


^’mn6er oj Str ngalnctiu mahte after various periods of time at different humidities 
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Tho figures represent the lognnthma of the average count* of tho three cultures Jinny counts are omitted as redundant 
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convenient for recording. The graphs show that at 75 and 70 per cent, 
relative humidity there was no appreciable difference, all the cultures 
in both desiccators being dead by 10 weeks. At 65 per cent, there 
was a slight delay to 11 weeks before death. Below tliis humidity the 



Fig. 1. — Survivor curves of Sir. agalacticc in films of dried skimmed milk at high 
humidities (over 35 per cent, relative humidity). 



Fig. 2. — Survivor curves of Str. agalaclice in films of dried skimmed milk at lov 
humidities (imder 35 per cent, relative humidity). 

t 

time which elapsed before death increased rapidly. Thus at 60 per cent, 
it was 16 weeks, at 55 per cent. 30 weeks, at 50 per cent. 55 weeks 
. and at 35 per cent. 96 weeks. The next set of cultures to die were 
those at 0 per cent, humidity, i.e. those in the driest state. The^e 
were all dead by the 156th week, i.e. after 3 years, while the culture^ 
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stored at 25, 15 and 10 per cent, humidity were stiH viable. Un- 
fortunately the experiment had then to be discontinued as no furthei 
material was available in these desieeators. Owing to the scale at 
which these graphs have to be drawn, no relationship is shown 
between the shape of the curves at each humidity, hut in fact the 
‘ curve shown for 35 per cent, humidity can he regarded as more or 
less typical since, if suitable scales of time ore chosen, the majority 
of the other curves approximate to tliis shape. That is, after a 
relatively short period during wliicli the numbers are maintained at 
about the originaHevel there is 'a fall to a definite figure at which 
the count is maintained until there is a fall to nil. The curves of 26, 
16 and 10 per cent, humidity have not reached this stage and the 



Fio. 3.— Surv’ivor curve showing time tnken at difleront humiditie? before the numbers 
of Str, agalaclicE were reduced by 09*4 per cent. 

counts are being maintained, but that of 0 per cent., after remaining 
at 1x10- between the 70tli and U3th week, fell to nil by the 16Gth 
week. It is probable that had observations been made on this part 
of the curve, the fall would hove been shoOTi to be more abrupt. 
At ljumiditics above 55-GO per cent, there is little difference between 
the death-rates at different humidities, while at humidities below tliis 
zone the differences are considerable. 

The actual counts throughout the experiment are given in the 
table and it will be seen that they are very consistent, the highest 
throughout being at 25 per cent, relative humidity followed by 16, 
10 and 0 per cent, in that order. Tlie only inconsistency is that for 
a time the count at 35 per cent, was higher than that at O.per cent. 

Since the final time to death is not nvaiinblo for all the humidities, 
fig. 3 has been constructed to show the time taken to reduce the 
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number of bacteria from 150 x 10® to 1 X 10®, i.e. for a 99-94 per cent, 
reduction in number. This shows clearly that the maximum number 
of viable bacteria is found not at 0 per cent, humidity, as would be 
expected, but at some point between 15 and 25 per cent. This has 
held true throughout the experiment. 


Discussion 

Only one reference has been found to , the effect of the 
moisture content on the survival of bacteria. Eogers (1914) states 
that a water content of 5-10 per cent, in slowly dried milk is fatal 
to a large proportion of cells. In his experiments, however, he was 
exposing the bacteria to this concentration of water at a temperature 
of 43° C. in a hot air oven. They had already been kept for two 
hours at this temperature while the water concentration was reduced' 
from 60 to 10 per cent, and his results are therefore not comparable 
■with those obtained by us during storage at lower temperatures. In 
the present series of experiments other deleterious factors such as 
light (Solowey et al., 1942) and oxygen (Elser, Thomas and Steffen, 
1935 ; Siedentopf and Green, 1942) have been constant for all the 
cultures, the only variable factor being, the water content of the 
atmosphere and hence the moisture content of the substrate by ■which 
the bacteria were surrounded. This substrate was colloidal and hence 
the death-rate was much less than would have - occurred had the 
bacteria been in a non-coUoidal medium. The results at the low 
humidities agree with those of Heller for the duration of his expen- 
ments. He dried his cultures in various media and found that 
during 90 days, i.e. 13 weeks, there was Httle appreciable drop in the 
number of bacteria when dried in peptone, serum or broth, r.e- 
colloidal solutions of long chain molecules. , On the other hand 
shorter chain colloids, e.g. mucin and tragacanth, gave slow logarithnuc 
death-rates. Steinhaus and Birkeland (1939), in a study of the 
senescent phase in ageing cultures of Sarcina lufea and Serratia 
marcescens, give curves showing a slow decline in numbers dunng 
2 years’ storage at room temperature. These approximate to those 
sho-wn above for the lower humidities. The conditions were yerj 
different, since in their experiments the cultures were maintaine 
in nutrient broth, but their results may indicate that in the 
series of experiments the bacteria were in the “ senescent phase^^ 
the lower humidities and not in a completely “ resting phase ^ 
would be expected if all the moisture had beenj removed. Assuming 
that Str. agalactice behaves as other streptococci, it ■will 
longest m the completely dried state produced by vacuum 
the frozen cultures. If, however, as in these experiments, a 
water is not removed then it is possible that the bacteria remain ^ 
this “senescent” stage in which they maj’- remain viable 
there is a certain proportion of moisture in the substrate. 
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moisture content of the films was calculated for the various humidities 
and 18 given in column 2 ^of the table expressed as the percentage of 
the eqmlibrium weight From these figures it is seen that at 
20 per cent relatl^ e humidity the moisture content nas approximately 
2 per cent "Whether this small proportion of moisture was required 
for the shght metabolism that may have occurred or was of value in 
affecting the proteins of the menstruum surrounding the orgamsm 
IS uncertain and no definite explanation can be given It is possible 
that Gortner’s (1930, 1932, 1938) theory of “bound” and “free” 
water may partly account for the observed facts 
/ 

Summary 


The effect of the relative humidity of the surrounding atmosphere 
on the survival of Sir agalachm in dried milk films was studied under 
conditions in which the humidity varied from 0 to 100 per cent 
The deatli rate was not logarithmic at an^ humidity The maximal 
survival rate occurred between 16 and 26 per cent relative humidity 
and not, as was expected, at 0 per cent By the method desenbed 
Sir agalacU(R can readily be preserved in the living state for three 
years 
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ALLOXAN DIABETES IN THE RABBIT 
E. Duffy 

Department of Pathology, The University and 
Western Infirmary, Glasgow 

(Plates XXHI-XXV) 

The work here reported was carried out jointly with the late Professor J . ShaW 
Dunn and represents his last contribution. Althougli the paper substantially 
represents his views, it is felt that it would be contrary to his wish to publish 
under his name what ho had not finally revised. 

It has been shown by Shaw Hunn and his collaborators (Dunii, 
Kirkpatrick, McLetcIiie and Telfer, 1943fl ; Bunn, Sheolian and 
McLetcliie, 19436 ; Dunn, Du6fy, Gilmour, Ivirkpatrick and McLetchia, 
1944-45) and confirmed by others tliat the administration of alloxan 
parcnterally to rabbits and other animals causes selective damage to 
the cells of the islets of Langerhans.- The Iiistological e\’ldence of 
damage may be detected within a few hours after a single considerable 
dose of the drug. The cells are the most susceptible and show- 
necrosis under conditions which lead to little or no demonstrable 
change in the a cells. The animals, if untreated, manifest acute 
toxic signs uitliin a few hours of a dose wliich produces this effect 
and are likely to die witliin a day or two. A marked hypoglycjemia 
is present in the earliest stage and, if the animal siurmves sufficiently 
long, this is followed in 1-2 days by hypcrglyccemia which persists 
until death. Below a certain critical dose — about 100 mg./kilo. — no 
continuing glycosuria was produced and there were no permanent 
histological changes. Clearly, therefore, it was important to attempt 
to secure survival over the early period after a large dose in order 
to investigate the later course of events. It appeared likely that 
following the initial damage te the islet tissue a condition resembling 
clinical diabetes mellitus might supervene. 


ExPEnmBNTAL OBSERVATIONS 
Induction of the chronic phase 

Initial difficulties in securing survival of the animals were found 
to depend on two sets of factors. (I) X^arying susceptibility. It was 
not recognised at first that individual susceptibility may vary greatly, 
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SO that after a standard dose of the drug, th^time of onset and duration 
of the hypoglycasmic phase cannot be accurately forecast. During this 
period death' tends to occur from hypoglycsemia, with the usual 
convulsive picture. (2) The phase of inanition with hyperglyccemia. 
In animals which survived the hypoglycaemic stage, a rapid 
deterioration in the general condition occurred, with anorexia, loss 
of weight and ketonuria as well as hyperglycsemia and glycosuria. 
Until a balanced treatment was devised with glucose and, in certain 
cases, insulin during the first few days after the injection of alloxan, 
death occurred from inanition. This condition may represent the 
acute form of clinical diabetes. The following experiments illustrate 
these points. 

No. 1220 {2‘15 kg.). After a fasting period of 24 hours during which 
unrestricted access to water was allowed, 200 mg./ldlo of alloxan (as a 5 per 
cent, aqueous solution, neutralised) were injected intravenously. Convulsions 
occiurred after 5 hours. Five c.c. of 25 per cent, glucose were then given intra- 
venously with good effect. At 6 hours and 11 hours a dose of 2-6 g./kilo of 
glucose was given by stomach tube. Next morning this animal was found 
dead ; the blood was not coagulated and its sugar content was estimated at 
66 mg. per 100 c.c. 

No. 1207 (2-15 kg.). After feeding on full diet during the preceding 24 
hours, 200 mg./kilo of aUoxan were given intravenously immediately after a 
dose of 2-6 g./kilo of glucose by stomach tube. The administration of both was 
repeated 24 hours later ; the same dose of glucose' was given again on the 
3rd and 4th days." Glycosuria and anorexia appeared on the 3rd day. The 
blood sugar rose to 533 mg. per 100 c.c. on the 3rd day and to 914 mg. per 100 c.c. 
on the 4th day. Four doses of glucose, amounting in all to 6 g./kilo, and two 
doses each of 1 xmit of soluble insulin subcutaneously were given on the 5th 
day. By this time the animal was very thin (weight 1-6 kg.) and lay flat out but 
with head held up ; the eyes were bright and there was slight general tremor ; 
death occurred during the night. Posl mortem the hlood, which was not 
coagulated, contained over 1 g. of glucose per 100 c.c. The suprarenal corte.’: 
showed extensive necrosis. 

No. 1221 (1-8 kg.). This animal was starved for 24 hours but had water 
to drink ; it then received 200 mg./kilo of alloxan intravenously. Six and a 
half hours later the general condition appeared unaltered, but the temperature 
had fallen to 100-5° F. ; the blood sugar reading at this time was 25 mg- 
100 c.c. There were no signs of commlsions. Glucose (2-5 g./kilo) was given y 
stomach tube and was repeated next morning. Glycosruia was now presen , 
11-23 g. of sugar being excreted in the course of the 2nd day. The blood OTgar 
rose to 549 mg. per 100 c.c. on the 3rd day. Thereafter the animal failed o 
maintain its weight and by the 6th day had lost 450 g. Ketonuria was no 
on the 5th and 6th days. On each of the 6th- 10th days inclusive about o g- 
of glucose in all were given, either in one or several doses, the oral, 
peritoneal, subcutaneous and intravenous routes all being used, together wi 
2-5 units of soluble insulin each day subcutaneously. There was a 
gain in weight until the 10th day, when diarrhcea and lipremia were o serv 
The animal became gradually ■weaker and died on this day. 

The histology of the pancreas in these animals is described on p. 20 . 

In comparison with the above experiments, extended duration of ic 1 
glycmmic phase is well illustrated by the following animal. ■ hours, 

No. 1211 (2-3 kg.). After normal diet dvuing the previous 
200 mg./kilo of alloxan were injected intravenously immedia } 
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3-76 g./kilo of glucose hnd been given by etomaoli tube. The glucose was 
repeated at 5 hours. On the following morning the animal was convulsed and 
the blood sugar reading was 30 mg. per 100 o.c. Intravenous glucose (1-5 c.O. 
of a 25 per cent, solution) was given with good effect. Some minutes later 
1-B g./kilo of glucose was given intraperitoneally. Glycosuria appeared on the 
2nd day and persisted until the animal died on the 85th day after excess of 
instilm. 

Therapeutic measures designed to secure suirival beyond the acute stages 
of hypoglycccmia and of hyperglycwmta itnih inanition 

Administration of sufficient glucose to tide over (he hypoglyccemic 
phase. Usually doses of 2 -5-3 *76 g./kilo given by stomach tube at 
about 6, 10 and 24 hours after the injection of 200 mg./kilo of alloxan 
were eflfective. Oral administration was preferred to intravenous so 
as to provide a more constant supplj’ during the h3T)Oglyc»mic phas& 
of uncertain duration. 

Treatment of the acute phase of hyperglycxmia and inanition with' 
insulin. Soluble insulin in total amounts of U2 units per day was 
given subcutaneously, either as one or two daily doses, e.g. in rabbit 
no. 1193 during the 8th-10tb days, and in no. 1224 during the 4th-13th 
days inclusive, This had the satisfactory effect of stimulating th© 
appetite and leading to increase of body weight. After the first two 
weeks treatment with insulin was no longer necessary. 

Methods 

w.CA3\\y 'EngU%\\ typfe, weighing fteva 2*S bg. 

used. Thej' were housed in metaboHo cages, weighed daily and fed on ordinary 
diet consisting of 120 g. of a mixture of equal parts of oats and bran moistened 
with 200 c.c. of water, along with 00 g. of green cabbage loaves ; 160 g. of carrOt 
were frequently added to stimulate appetite. Except during experimental 
periods, imless othem’ise specified, the food was given once a day in the morning* 

Alloxan as a freshly prepared 2*5 per cent, solution in distilled water wiis 
injected intravenously into the marginal vein of the ear ; one dose of 200 mg./kilo 
or two such doses at on interval of 24 hours were the most satisfactory for th® 
present purpose. Such solutions are distinctly acid (pH ca. 3 as determined 
by dye mdicators) ; but similar lesions wore produced by the use of solutions 
neutralised with dilute ammonia immediately before injection. One animal 
received only 100 mg./kilo of alloxan intravenously, while another was giv’^n 
1200 mg./ldlo subcutaneously in 10 per cent, solution in a single dose. 

Glucose in 25 per cent, aqueous solution was usually given by stomach tube 
in doses of 2*5*5 g./kilo. Occasionally when convulsions occurred 1*5 c.c. of a 
25 per cent, solution were given intravenously. 

Urine was collecte<l over 24-hour periods. The volume was measured atui 
the reaction to litmus paper noted ; tests were carried out for the presence 
of albumin (heat), sugar (Benedict's reagents and occasionally the phenyl 
hydrazine reaction — quantitative estimations by Benedict’s method) and 
ketone bodies (Rothora’s reaction ; a positive Gerhardt’s reaction was never 
obtained). A faint haze of albumin was obser^'ed in the urine of no. 1193 (?n 
tho 3rd> 20th and 4l8t days, ond in that of no. 1214 on the 2nd, 3rd and 6th 
da^ of experiment. No albuminuria was noted in no. 1215. In five other 
animals a trace of albumin was found occasionally. In nearly all animals 
tho urinary urea was estimated approximately with sodium hjq)obromite. No 
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disturbance of kidney function was noted. Blood sugar estimations were made 
in duplicate, each with 0-1 c.c. of oxalated blood according to the micro method 
of Folin and Wu (Harrison, 1937). 

Glucose, tolerance tests. Before the daily feed, 2-5 g./kilo of glucose were 
given by stomach tube. Blood samples were taken beforehand and at hourly 
intervals afterwards during a period of 4-6 hours. No food was given on that 
day rmtil after the last observation. 

Histology. Constant and even fixation of the pancreas has been difficult 
to achieve. Most of the common fixatives were tried ; HeUy’s fluid allowed to 
act for 8 hours gave the best results. Fixed tissues were washed for 2-3 hours, 
dehydrated in increasing concentrations of ethyl alcohol, cleared in chloroform 
and embedded in paraffin. Mayer’s hsematoxylin and eosin was used as a. 
routine stain. For cell differentiation and granule staining, Bensley’s modifica- 
tion of Mallory’s method was employed. Differential counts of the a and jS 
islet cells were not carried out, but quantitative variations, particularly of the 
^ cells, were so definite that they could be readily assessed. Liver, kidney and 
psoas muscle were examined for glycogen by Best’s carmine method after 
fixation in alcohol. For the detection of fatty change tissues were fixed in 
10 per cent, formalin, and frozen sections made and stained with Sudan 
and hajmalum. 


Production of persistent glycosuria 

In experiments designed to induce persistent glycosuria, a single 
intravenous dose of 200 mg./kilo of alloxan was usually employed. 
As a typical instance, no. 1224 (2*15 kg.) is quoted in full. 

Following a period of fasting for 24 hours, but with free access to water, 
200 mg./kUo of alloxan in 4 per cent, solution were injected intravenously: 
3*75 g./kilo of glucose were given by stomach tube at 4^, 6^ and 11 hours. At 
2 hours and 4^- hours blood sugar readings were 202 and 343 mg. per 100 c.c. 
No signs of hypoglycmmia were observed. Next morning the blood sugar 
reading was 114 mg, per 100 c.c. Glycosuria was first noted on the 2 nd daj, 
when 13'99 g. of sugar were excreted. On the 4th day the animal weighed 
1-83 kg. ; 5 g. of glucose were given by stomach tube on the 4th and 5th days. 
From 1 to 8 units of insulin were given subcutaneously each day from the 4t i 
to the 13th, protamine zinc insulin being used in two doses except on 
and 5th days, when 1 unit of the soluble preparation was given. Body weig 
steadily increased from 1-76 kg. on the 5th day to 2-24 kg. on the 13th day. 
Glycosuria persisted for 272 days, when the animal was killed. 

using a similar procedure, persistent glycosuria was induced 
in 10 out of 13 animals (table I). Chronic glycosuria was also induce 
in one animal after subcutaneous administration of aUoxan, wme 
10 per cent, glucose solution was offered it to drinlr ad lib. in ad(htion 
to its ordinary food (table II). No abnormality in the clinica 
condition apart from thirst was observed until the 7th day, ''^n 
glycosuria appeared and persisted with hyperglycsemia until t e 
animal was killed on the 41st day. Post mortem, the islets of Langerhans 
were considerably reduced in number and size. The a cells appea 
normal. The /3 cells were scanty and those which persisted showe 
enlargement, degranulation and, more often, vacuolation (fig- 
No abnormality was noted in the other organs.' 
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The blood sugar reading in all cases was above normal during the 
phase of glycosuria and usually amounted to between 200 and 400 mg_ 

Table I 


Production of chrome glycosuria %n rabbits by alloxan : 
methods and end results 


No 

(wt 

In kg) 

Doee of alloxan 
In mg /kilo 
body weight 
Intravenously 

Amount of oral 
glncoee In g /kilo 
Body weight and 
time of admlnis 
tratlon In hours 
relative to doee 
of alloxan 

Cay of first 
appearance 
(duration of 
glycosuria 
in days) 

Clinical end result 

» ' 

Islets of Langerhans t 
(^-cells) 

•1193 
(1 6) 

200, repeated on 
2nd day 

3 Sat 24, 48 

2 (122) 

bpontaneotis recovery 
Cled 194th day 

hormal, hypertrophic, dc- 
granulate and hydropic 

1206 

100 

3 75 at ->1,0,24, 

1(47) 

Diabetic Killed on 
47th day 

Hypertrophic, degranulate, 
vaenolated 

1211 

(2-0) 

200 

3 75 at -1.5, 24 

2(83) 

Diabetic Cled on 85th 
day after excess of 

Hypertrophic, degranulate, 
very scanty 

1214 

200 

2 5 at C}. 111,24 

3 (102) 

CUbetic Killed on 
165th day 

Hypertroplilc, degranulate, 
vacuolated 

1215 
(2 0) 

100 on Ist day , 
200 on 2nd day 

3 75 at 24, 48, 72 

3 (103) 

Ciabetic Killed on 
20lBt day 

Hypertroplilc, degranulate, 
vacuolated and hydropic 
forms . very ecantv 

1219 

200 

2 5 at 7, 11, 24 

6(20) 

Ciabetic Killed on 20th 
day 

Spontaneous recover) 
Killed on 197th da) 

Hypertrophic , one mitotic 
figure 

Normal appearance , scanty 

1223 

200 

8 75 at 41, 61, 11 

2(17) 

1224 
(2 15) 

1225 
(2 2) 

200 

3 75 at 51,01,11 

2(272) 

Ciabetic Killed on 

273rd day 

Spontaneous recovery 
Bedosed on 23th, 85th 
and 43rd days so 
definite clinical effect 
Cled on 50th day sHer 
tube feed 

Hypertrophic, degranulate , 
very scant) 

Normal, pyknotic 

200 

8 75 at4|, 01, 11 

2(26) 

1223 
(2 25) 

200 

6 at 41, 61 

2(20) 

Sr * - 

” degranulate 


Tfos 1224 and 1228 were starved for 24 hours before adminiitratloa of alloxan , 
all the rest were fed nonnalb Nos 1103 and 1221 received insulin during the earl> 
phase of acute hj'pcrslrctemla 

* This aolmal had received 26, 19 and 17 dajs previously, tlircc dose^ of alloxan 
respectivelj 25, 100 and 60 rag /kilo, without effect on the sugar metabolism 

t Islets were diminished in number and sire, with persistence of well granulated 
a cells and sometimes enlargement, except In nos 1193 and 1225 In wldch the Islets 
were normal In size and numlicr 


Table II 

Rabbit no. 1247 (2 6 Kg.). Details of treatment 



Alloxan (tng /kg ) as a 5 or 10 
per cent aqueous solution 

Glucose per oi In g /24 lirs 

Ist day 

300 

15 5 

2nd „ 

COO 

22 5 

3rd 

0 

15 G 

4th „ 

1200 

22 6 

5th „ 

0 

9 5 

6th „ 

1200 

I 0 

7th .. 

0 

17 8 


per 100 0 c Spontaneous recovery ocourred m four of the rabbits 
(nos 1193, 1223, 1225 and 1228) after 122, 17, 26 and 20 days 
respectively. 
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Clinical observations 

During the first two weeks most animals showed some loss of weight— up 
to 10 per cent. — hut this was usually regained on ordinary feeding, with or 
without the addition of 160 g. of carrot per day, or after the administration of 
1 -2 units of soluble insulin daily, with or without oral glucose. Weight thereafter 
was generally maintained at the pre-experimental level, but definite increase 
beyond this point seldom occurred. The addition of carrot to the diet was 
followed by an increase in the general food intake and by raised blood sugar, 
urinary volume and amoimt of sugar excreted. Similar effects were obtained 
on giving a double daily feed over a period of one week. Withdrawal of carrots 
and greens had the opposite effect of diminishing the intake of other food and 
lessening ruinary volume and sugar. The effect on the blood sugar was less 
definite. The ruine became acid and there was usually some loss of weight. 
Withdrawal of all food, apart from water, for 24-48 hovus eaused both temporary 
return of the blood sugar to normal and disappearance of sugar from the urine. 
Definite polymria was observed in nos. 1193, 1214, 1215 and 1224, as much as 
600 c.c. of urine and 40 g. of sugar being excreted during 24 hours. Ketonuris 
was not present except druing the first few days in animals which died acutely 
and at the chronic stage after special feeding (see below). 



Fig. 1. — Sugar tolerance curve from normal rabbit, after 2-5 g./kg. oral glucose 

(glycosuria absent). 

Cataract. The development of cataract in both eyes was observed m 
nos. 1193, 1214, 1216 and 1224. The last was regularly examined over a 
of four months. According to the report of Dr A. Loewenstein who made 6 
investigation in the Tennent Institute of Ophthalmology, changes were mam y 
referable to the lens and resembled closely those characteristic of 
diabetic cataract. Retinal changes such as occur in diabetes in man w 
absent ; this may be explained by the relatively short duration of the con i ' 
in rabbits. 

Effect of insulin. The subcutaneous administration of suitable 
protamine zinc insulin Vas followed by a return of the blood sugar . 

and aglycosuria within 24 hours. It W'as found that the daily doses 
to produce this effect, which persisted only so long as insulin was ^ ’ 

were respectively 10, 16, 26 and 15 \mits in nos. 1193, 1211, 1216 and 1 

Glucose tolerajice tests. Definite evidence of diminished tolerance “ ®'^j 225 
at various stages of the condition was given by nos. 1193, ^1214, 

(figs. 1-3). In animals in which spontaneous recovery occurred, the c 
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afterwards showed some delay in the return of the blood sugar to normal ; no 
glycosuria was noted. 



Fig. 2. — Sugar tolerance teat — diabetic curves (glycosuria present). 



Fio. 3. — Sugar tolerance cur\'cs after spontaneous recoverj’ (glycosuria absent). 

EJfccis of special diets. With n view to producing ketosis, soya bean, olive 
and nut oil and glucose were added to the diet of certain animals, as follows. 

OT JJiTB.— VOL. ITn O 
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No. 1206. About 80 g. of soya bean meal instead of oats were given, with 
60 g. of bran and 150 g. of carrot, from the 16th to the 27th day inclusive. One- 
half to two-thirds of the mixture was eaten daily. There w'as no increase in the 
output of urine or urinary sugar, the average output of which was 3-23 g. per 
day during this period. The blood sugar readings were 266, 445 and 302 mg. 
per 100 c.c. on the 16th, 22nd and 26th days respectively, compared with 410 
and 327 mg. per 100 c.c. on the 6th and 12th days.^ Body weight increased 
from 2040 to 2270 g. Ketonuria was observed on the 21st day only. 

No. 1193. On the 67th day the bipod sugar was estimated at 142 mg. per 
100 c.c. and 19-1 g. of sugar were excreted on the 5Sth day. Ten c.c. of olive 
oil were added to the ordinary feed, all of which was consmned, on the COth 
and 61st days. The blood sugar on the 61st day was 124 mg. per 100 c.c. and 
the urine was sugar-free on the 60th, 61st and 62nd days. ' There was no 
ketonuria. 

No. 1214. Olive oil and nut oil were given from the 11th to the 18th days, 
20 c.c. of one or the other being added daily to the usual feed of'oats, bran and 
carrot, which was taken well. The weight increased from 2510 to 2640 g. There 
was no dimmution in the blood sugar, which was estimated at 471 mg. per 100 c.c. 
on the 15th day, or in the tuinary sugar. The animal looked well and an oily, 
soft texture was imparted to the skin and fur. Ketonuria did not occur. 

No. 1224. Between the 53rd and 63rd days, 10 per cent, glucose solution 
was offered to the animal in addition to the usual quantity of oats and bran. 
An appetite for glucose was shown, 48-67 g. on the average being taken per day 
in addition to the usual intake of ordinary food. The blood sugar rose from 
309 mg. per 100 c.c. on the 49th day and fluctuated between 421 and 654 mg- 
per 100 C.C., and a 10 per cent, increase in weight occurred. An average of 
516 c.c. of urine and 34-8 g. of sugar were excreted per day. Ketonuria was 
distinct between the 56th and 66th days. 


Morbid changes * 

On post-mortem examination, no obvious naked eye lesions- vere 
visible in any organ except in expt. 1193 ; this animal died of intestinal 
obstruction after six months, induced possibly by a period of enforced 
reduction of intake of water and greens. The aorta showed irregular 
dilatation, roughening of the lining from the valve to the bifurcation 
and the presence of yellowish patches, as sometinies met with m 
apparently healthy animals. Fatty change in the intima was con- 
firmed microscopically. In all animals the Iddneys, liver, thjroi s, 
parathyroids and suprarenal glands were examined histologica J- 
A tubular lesion was found in the kidneys of only three animals, a 
of which showed prolonged glycosuria. In two of these (nos. 1 
and 1215) there was involvement of a small proportion of the n 
convoluted tubules, the epithelium being necrosed and replace y 
a structureless, hyaline material with an affinity for hsema um, 
indicative of early calcification. The kidney of no. 1193 was 
extensively affected, showing considerable atrophy of the n 
convoluted tubules and a conspicuous increase of intertu 
connective tissue. Foci of lymphocytic infiltration were no 

* Grateful acknowledgment is made to Professor D. F. Cappell f°r 
reviewing the histological results. 
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Plate XXHI 


Alloxan diabctts in tbt: babbit 



ic. 4. — ^Kornial rnbbit pancrc?\^ showing fre- 
quency of distribution nnd size of tlio islets 
of LnngerUans. H. and E. x60. 



Fitt. 5. — Rnbbit no. 1211. Section of pancrctis 
contamuig n fow tiny islets which ore incon- 
spicuous nt this magnification. H. and E. 

xeo. 



ici. G — -Xonniil islet of Longorlinns from 
nilibit. II. nnd E. x3o0. 


Fig. 7.— Rnbbit no. 1200. Small islet from 
diubctie nminal sho%s \ng hypertrophic ^ cells 
with diininishod granules. Bonslcv-Mallory 

xcoo. 
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many places around damaged tubules. In all these animals the 
glomeruli and vessels appeared normal. These lesions no doubt 
xepresent the late effects of acute damage to the kidney -which Shaiv 
Dunn and his collaborators originally described as occurring in a 
proportion of animals after a considerable dose of aUoxan, the first 
and sometimes the second convoluted tubules being the elements 
especially affected. It is possible that the chronic kidney lesion 
may have contributed to the death of rabbit 1193 ; this animal had 
received exceptional treatment in that it had previously been given a 
series of small doses of alloxan without effect on its sugar metabolism. 
It had been noted, however, that intermittent albuminuria had 
resulted. It must be emphasised that this intercurrent nephritic 
condition had no essential relation to the production of the chronic 
glycosuria, since the majority of the diabetic animals showed no 
renal damage. Tliis is particularly striking in the case of no. 1224, 
which developed the most severe and prolonged diabetic state, yet 
there was no kidney lesion. The suprarenal cortex presented lesions 
in only three animals, which died within 24 hours (no. 1220), 7 days 
(no. 1207) and 10 days (no. 1221). The damage was most severe in 
no. 1207, which showed necrosis in all layers except the zona 
glomerulosa, where a few mitoses were seen. In nos. 1220 and 1221 
there was only some shrinkage of the cytoplasm and pyknosis of the 
nuclei in a small number of the cells in the zona fasoiculata and 
zona reticularis. As mentioned later, these animals presented a 
picture comparable with that of acute human diabetes. Since the 
question arises in how far the suprarenal cortical lesions may have 
aggravated the condition, it is noteworthy that there was a marked 
lesion in only one of the three. No definite changes were observed 
in the other endocrine organs. In the animal showing the most 
severe condition and longest duration (no. 1224), the pituitary body 
was examined with negative results. In all the animals glycogen 
was present only in small amount or was entirely absent from liver 
and muscle. In the kidney, the positive correlation between the 
presence of glycogen in the tubular epithelium and the existence of 
glycosuria as noted by Warren (1938) and others was confirmed. 
Tatty change in the liver was seen in only one case (no. 1214), when it 
was present in small amount as fine droplets evenly distributed' 
throughout the lobules. To the naked eye the pancreas did not differ 
from normal, but striking lesions were seen microscopically. 


Histology of the pancreas 

Early stage (1-10 days). In no. 1220, which died -witliin 24 hours, 
the changes in the islets of Langerhans were those of advanced 
necrosis as already described by Dunn et al. (1943 a and 6). In 
nos. 1207 and 1221, wdiicli died on the Cth and 10th days respectively, 
there was very great diminution in the amount of islet tissue, wliich 
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was now composed mainly of a cells lying in close apposition with 
each other and with the acinar tissue. They showed a healthy 
appearance, with a distinct cell outline. Very few ^ cells were seen. 
Some of these appeared normal, others showed loss of cjdoplasm 
and granules. In no. 1207 there was partial atrophy of the central 
acinar tissue. 

Late stage (20-272 days). The islets were always reduced in 
number and size (c/. figs. 4 and 5), except in nos. 1193 and 1225. The 
outline of the islets was often irregular and the general architecture 
was frequently disturbed, the usual ribbon arrangement not being 
present (c/. figs. 6 and 10). Thus the persisting islets appeared as 
clumps of cells without interspersed capillaries. It is left open as to 
whether this appearance indicates multiplication of surviving islet 
cells leading to a greater or less degree of regeneration of the islet, 
or whether it results from coUapse of the persisting cells after dis- 
appearance of necrosed elements. The proportion of oc and jS cells 
was usually equal instead o^ being about 1 to 10-16 as normally. No 
definite statement can be made regarding any sequence of changes 
in the islets in the period intermediate between early and late 
stages. 

The a cells were sometimes arranged marginally or occupied half 
the islet (figs. 9 and 10) ; in some cases they were the only constituent 
cells. They were often enlarged, the nucleus appearing healthy and 
the cytoplasm closely packed with fuchsinophile granules, wlule the 
cell outline was well defined. A few single a cells were seen in the 
acinar tissue, and although there was no evidence to suggest that they 
were vestiges of former islets, this cannot be excluded, since ^ cells 


may disappear without leaving any trace. 

The p cells, which were reduced in number throughout the series- 
in some cases very markedly — showed considerable variation m 
structural appearance even in adjacent islets. Many were normal, 
others were increased in size, well granulated and contained large 
vesicular nuclei. In a few the nuclei were pyknotic, while the outline 
of the cell, although indistinct, did not appear shrunken. In seven 
of the surviving animals the cytoplasm was depleted of specific 
granules in varjring degree (figs. 7 and 8), and in three of these t e 
■ completely degranulated cells contained a fairly coarse “ reticulum 
with interstitial vacuolation (fig. 11). Without a more specific stain 
for )3 cells it is not possible to state whether this appearance represen 
true cytoplasmic vacuolation or whether the reticular framework is » 
normal feature which is rendered visible on the disappearance or 
specific granules. A mitotic figure was seen in a /5 cell in no. I » 
this is a most uncommon finding. Hj^afinisation, lymphocjdic mm r^^^ 
tion and interstitial fibrosis were not seen. The epithelium or 


small ducts showed no variation from normal. 

The following experiments are quoted on account of the sp 


ecial 


changes found. 
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10 8. — Rnblnt no 120G Islet showing tuo 
deeply stuininga cells nnd numerous hj'por* 
trophic ^ colls depleted of their fipcctfic 
granules. Bensley-SIallory. x 000. 



Fio. 0 — Rnbbit no UOO Islet showing pro- 
pondcronce of wtll grnmilnted a cells. The 
capillarios ore also deeply stained. Bensloy* 
Mallory. X COO. 




III. 10 — Rabbit no. 121 1 Deformed (bilolicd) islet 
from tliubetic nniinnl coii'osting mainly of dooplj 
htmnmg a rolls, w ith a group of hjiiortropliicd and 
di'gramilated ^ relk towards the left-hand margin. 
RcnsloN Mallorj . x COO. 


Fio 11. — Rabbit no. 1247. Islet from 
diabetic animal showing vncuohition 
nnd ii fairly coarse * reticulum" witbm 
the ^ cells Benslej Mallorj’ XCOO. 
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No 1193. Tins animal, which died on the 194th day, became oglycosunc 
and apparently returned to normal after 122 days The number and size of 
islets were withm normal limits Their outline, however, was often irregular, 
a cells were present m mcreased proportion and appeared healthy, without 
evidence of enlargement. The jS cells were reduced m number, some were normal 
in appearance, hut the majority showed hypertrophy and depletion of granules 
The nuclei in many were shrunken and hyperchromatic, wliilo the cell bodies 
were considerably swollen, with a clear cytoplasm almost devoid of stamable 
granules. This change was recognised aa hydropic degeneration (6g. 13). I 

No. 1215 This animal showed glycosuria from the 3rd day until it was 
killed on the 201st day There was considerable reduction m the number and 
size of the islets, which were composed mamly of ct cells The latter were 
shghtly enlarged, with healthy nuclei and abundant fuch«mophiIe granules m 
the cytoplasm (fig. 12). The p cells, which were considerably diminished m 
number, were enlarged and contamed large vesicular nuclei. In the majority, 
the cytoplasm showed complete or almost complete degranulation but in many 
of the others there was the appearance of vacuolation. A further small number 
showed the marked distension of the cell body, clear cytoplasm and sometimes 
nuclear pyknosis mdicative of hydropic degeneration (fig. 12). 

No 1206. Persistent glycosuria was present until the 47th daj% when the 
expenment was termmated In addition to the features already described, a 
small proportion of the persiatmg islets were considerably enlarged, consistmg 
of hypertrophic p colls (fig. 14) ^ 

In No. 1211 a section stamed with haemalum and eosin showed one lobule of 
exocnne tissue pale m colour, with a collapsed shrunken appearance (fig. 16). 
The colls were largo and vesicular, with poor affinity for hfcmahun and dimmislied “ 
content of eosmophile material This was the only case, apart from no 1207, 
where any exocrme abnormality was observed. 

. Disoussiok and conclusions 

The immediato effect of a considerable dose of allo-xan (200 mg /kilo) 
administered intravenously may conform to one of two tj'pes, m either 
of which death may occur if the animal is untreated. (1) There 
may be prolonged and profound hypoglyc®mia which develops within 
several hours and is characterised by the usual convulsive phenomena. 
Tliis is probably associated with the liberation of n large amount of 
insulin from ^ cells of the islets rendered necrotic by the drug. This 
view has been expressed by Hughes et al (1944) and has been supported 
by recent work carried out by Ridout ti al (1944) In this form 
death occurs usually witliin 24 hours. (2) In animals in which the 
above phase is less prolonged or less severe there follows an acute 
diabetic condition, exphcable on the basis of a rapid exhaustion of 
the insuhn reserve, which presumably causes depletion of the glycogen 
content of the Ih’^er. There is then marked hyperglycccmia, glycosuria, 
anorexia, loss of weight and sometimes ketosis, and death occurs 
from inanition in a week or more Administration of glucose in these 
circumstances tends to aggravate the clinical state, leadmg to ketonuria 
and hpicmia. It has been shown m previous publications that the con- 
dition underlying these changes is an acute necrosis of the islets of the 
pancreas, which affects almost exclusively the ^ cells The chnical 
picture m the latter type may bo analogous to acute diabetes in man. 

aOCKX or Mill — TOL. LTD ^ *> 
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Survival beyond these stages of acute damage may be secured by 
administration of sufdcient glucose and insulin during the hypo- 
glycsemic and hyperglycsemic. phase respectively. In those treated 
animals which survived the acute stages the effect of alloxan was to 
produce a condition which closely resembles chronic human diabetes. 
The clinical features in the rabbit are hyperglycsemia, glycosuria, 
polyuria and polj^hagia, also delayed clearance of sugar from, the 
blood after administration of glucose to the fasting animal. Turther, 
the condition is “ insulin sensitive ” as shown by the rapid fall in the 
blood sugar and glycosuria after administration of insuhn. Much more 
experimental work is needed to determine whether the glucose tolerance 
and the amount of insulin required to adjust the sugar metabolism 
to normal limits are directly related to the condition of the islets as 
observed after death. A comparison of nos. 1193 and 1216 suggests 
that when there is extensive reduction of islet tissue, as in the latter 
animal, a more severe “ diabetic curve ” is manifested and a greater 
dosage of insulin is required than when the loss of islet tissue is 
slighter, as in no. 1193. 

There are certain other featmes which seem to be characteristic 
of the chronic disease produced by alloxan in the 'rabbit, namely 
absence of ketosis on ordinary diet and capacity for spontaneous 
recovery in a proportion of cases. In experiments designed to produce 
ketosis, diets were given containing respectively a preponderance of 
fat (nut oil and oUve oil), protein (soya bean) or carbohydrate 
(glucose). It was found that on a high carbohydrate diet the excretion 
of ketone bodies in the urine was most pronounced, although insufficient 
for detection by Gerhardt’s test, while in addition hyperlipsemia 
became very marked. Transient ketonuria also followed the addition 
of protein. On a diet containing oUve oil and nut oil no ketonuria 
and no lipaemia occurred ; there was improvement in the general 
condition, although sHght reduction of hyperglycsemia and glycosuna 
was found in only one of two animals. These observations recall the 
work of Marks and Young (1939) with pituitary-diabetic dogs. Thsy 
found that ketonuria was maximal on a meat diet and lowest wth 
prolonged fat diet. Tor these and other reasons they suggested that 
the excretion of ketone bodies is particularly associated ^rith the 
oxidation of muscle protein. Although the conditions determining 
ketosis in the rabbit require further examination, it appears that 
interference with the oxidation of ketone bodies occurs when the 


islet cells have been temporarily exhausted of insulin owing to an 
excess of carbohydrate (particularly glucose) in the diet, and, in 
of the hyperlipsemia, probably when the glycogen of the liver an 
muscles has been considerably depleted. Accordingly, it may be t a 
the absence of ketosis in the diabetic rabbits on ordinary diet is 
dependent upon its low protein content and the presence of a sufficien 
amount of glycogen in the tissues. 

The fact of spontaneous recovery impKes, of course, that a per 
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manently increased supply of insulin has become available for 
readjustment of metabolism. This might be explained in one of two 
ways, either by the persistence of a sufficient reserve of ^ cells wliich 
had recovered from damage short of necrosis, or by a certain proportion 
of jS cells escaping damage altogether and then undergoing hypertrophy 
or hyperplasia or both. Although Woemer (1938) has recorded 
hyperplasia of the islet cells following prolonged intravenous 
administration of glucose, the conditions of his experiments were 
different from those of the present series. Actually, owing to the 
rarity of mitoses in the persisting islet cells, definite indications of 
hyperplaaa are laehing. On tVie tAJner bwiri, ViiatriogKsi r-twrages, 
indicative of hypertrophy' and hyperfunction of surviving cells, i.e. 
enlargement and depletion of specific granules, have been observed 
in all the diabetic animals, including one of the four which recovered 
spontaneously and lived free from glycosuria for a period of over two 
months. .Spontaneous recovery may, however, be associated with 
great reduction in the number of islets (no. 1223), but without 
hypertrophy and degranulation of the p cells. Accordingly it must be 
concluded that sometimes a small fraction of persisting islet cells 
can carry out the endocrine function sufficiently for the metabolic 
needs of the animal. 

Although hypertrophy of the jS cells and depletion of speoifio 
granules were constant findings associated rrith a dimim’shed tolerance 
for glucose, certain of the animals were capable of utilising a part 
of the carbohydrate in their diet, of maintaining weight and of 
spontaneous recovery. In view of this and also of the considerable 
diminution in number of p cells, it is suggested that these histological 
changes in the j3 cells are indicative of overaotivity under the stimulus 
of a high blood sugar content and that this may be an exaggeration 
of the normal mode of functioning. The results of two experiments 
(nos. 1193 and 1216) suggest that prolonged hyperfunction may be 
followed by hydropic change. 

Persistence of healthy and often enlarged a cells was a striking 
feature of all the sections examined, which points to a distinct difference 
in form and function as compared rvith )3 cells. A similar persistence 
of tt cells has been recorded in pituitary diabetes in dogs by Richardson 
(1939-40) and in dogs after the administration of alloxan by Goldner 
and Gomori (1943). These cells do not appear to take part in the 
producUou of iusuUu, but uo cvvieucc. vras ubtaiued to indicate -Bbat 
their function may be. No defirute changes were present in any 
other organs to suggest that they played an essential part in the 
mtiology of the ch'nical condition. 

It is concluded that the cardinal signs of diabetes mellitus can be 
reproduced experimentally in rabbits which have survived the 
injection of a pure chemical substance causing specific damage to the 
fi cells of the islets of Langerhans. 
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Summary 

1. A large intravenous dose of alloxan (200 mg./kilo) causes rapid 
death in rabbits, there being a phase of hypoglycsemia, followed by 
hyperglycsemia and inanition if the animal survives for several days. 
Post mortem the chief change is damage to the cells of the islets of 
Langerhans, the /3 cells being especially affected. Survival beyond 
this acute toxic phase may be secured by appropriate treatment 
with glucose per os during the first 48 hours, followed sometimes 
by insuhn during the first two weeks. 

2. Animals which survive the acute toxic phase develop a condition 
similar to human diabetes, with hj^erglycaemia, glycosuria, poljmria, 
polyphagia and cataract. There is diminished tolerance of glucose, 
but tolerance is increased by administration of insulin. Ketonuria, 
except at the early phase, is not a feature on ordinary diet but may 
be induced by administration of excess of glucose. 

3. In a proportion of cases spontaneous recovery occurs after 
several weeks or months, but animals have remained diabetic for as 
long as 6-9 months. 

4. The only’- constant lesion in the diabetic rabbits is diminution 
in size of the pancreatic islets and reduction in number of ^ cells, 
which also show enlargement, degranulation and sometimes vacuolation 
and hydropic change. The a cells are practically unaffected. 

The expenses of this research were met by grants from the Eankin Fund, 
University of Glasgow, and the Medical Research Council, to whom tho 
author is also indebted for a personal grant. 
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FATAL BRONCHIAL ASTHMA SHOWING THE 
ASTHMATIC REACTION IN AN OVARIAN 
TERATOMA 

J. G. Thomson 

Department oj Pathology, Medical School, King's College 
and Royal Victoria Infirmary, Neivcastle-on'Tyne 

(Plates XXVI-XXVni) 

Death in an attacU of bronchial asthma is unusual, and reports of . 
cases proved by the exclusion of an extra-thoracic cause of death at 
autopsy are rare. There is no agreement as to the number of cases 
in the literature ; gome are rejected as having had asthma but not- 
having died during an attack and others are not regarded as beiiJg 
examples of true bronchial asthma. For example, Michael and Ro^^'O 
(1934-35) considered that only 29 of the 49 reported cases of bronchial * 
asthma coming to post-mortem were true exathples of this condition. 
As in some of the less striking rarities, the number of published cases 
gives an exaggerated picture of their infrequency^ and a better indica- 
tion of the incidence is given by Thieme and Sheldon (1937-38). Out 
of 2060 autopsies at the IMichigan University Hospital between July 
1932 and April 1937 they found 7 examples of death in an attack of 
broncliial asthma. Similarly Craige (1941) found 7 such cases among 
the 23 asthmatics submitted to post-mortem examination in 66,000 
admissions to the Peter Bent Brigham Hospital. Including his oWn» 
he estimated the number of genuine cases to that date as 69. 

The association of death in an asthmatic attack with typical 
asthmatic changes in an ovarian teratoma would seem to be unique- 


Case report 

Clinical history. A female aged 47 had suffered from bronchial astluna 
“ for years ”. She was admitted to the Royal Victoria Infirmary, Newcastle* 
on-Tyne, under Dr A- G. Ogilvio on 15.4.44. On admission she was wheezing 
a little and at 11 p.tn. on the same day she had a typical asthmatic ott^ck 
relieved by adrenalin- No abnormal signs were noted in heart or lungs apart 
from rhonchi and prolonged respirations. At 1 a.m. on tho following morning 
she was restless and was given i gr. of morphine. At 8.30 a.m. she was foiUid 
sitting upright with her head Itanging down. She was collapsed and cold, with 
cyanosis of the lips- Respirations were shallow and grumbling. Slio was 
gis'en 1 c.c. of coramino but died Imlf-an-hour later. Autopsy was performed 
48 hours after deatli. 
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Post-mortem findings 

\ 

Anatomical diagnosis. Pulmonary emphysema mth excess of 
mucus in bronclii. Persistent thymus. Dermoid cj'st of ovarj-. 
Cholelithiasis with gall-stones in common bile duct. Multiple uterine 
myomata. Adenoma of thyroid. Polypus of sigmoid eolon. Obsolete 
tuberculosis of mesenteric lymph nodes. 


The significant findings were as follows. Heart 320 g., valves healthy, botli 
ventricles dilated (right 0-4 cm. thick, left 1-8 cm. at base). Spleen 78 g., pulp 
firm and featureless. Liver 1210 g., congested. Kidneys 255 g., no abnormal 
appearances. Thymus 12 g. Gall-bladder contained 8 mixed facetted gall- 
stones 1-2 cm. in diameter. Common bile duct slightly dilated and contamed 

4 facetted gall stones 0-8-1-0 cm., lying free. Uterus enlarged and contained 

5 subserous fibromyomata 1-4 cm. in diameter. Pleural sacs — left, no excess 
of fluid ; right, largely obliterated by old adliesions. Lungs — left, 450 g. ; 
right, 520 g. : both were pale, swollen and emphysematous, filling the pleural 
sacs and meeting in the mid-line. There were scattered petechial hBemorrhages 
in the pleurae over the left lower lobe posteriorly and right lower lobe laterally. 
The cut surfaces were uniformly emphysematous, without bullae. There was 
some congestion posteriorly but the lungs were elsewhere dry and pale and 
oedema was absent except for a little at the base of the right lower lobe. The 
bronchi were thick -walled and prominent, projecting from the cut surface, and 
the most striking feature was the tenaceous jelly-like mucus in their lumina. 
The main bronchi at the bifurcation contained only strands of this ropy mucus, 
but all others of 1 cm. diameter down to the smallest recognisable with the 
naked eye were more or less completely filled. This was especially evident in 
the portions of lungs fixed in formalin for microscopical examination, when the 
coagulated mucus formed translucent casts. The bronchial mucosa was everj’- 
where deeply congested. Left ovary normal. The right ovary was replaced by 
a dermoid cyst 12x11x9 cm. in diameter, filled wth yellomsh opaque fluid 
containing tangles of black hair and solid masses of sebaceous material. The 
teratomatous nodule in the wall of the cyst measiued 2 X 1-5x1 -5 cm. and 
from it projected a tuft of coarse black hair. No bones nor teeth were present 
and yellow adipose tissue was the only tissue recognisable on section. The 
other organs showed no significant changes. Brain not examined. 


Microscopical appearances 

Lungs. These show with unusual clarity the changes whid* 
occur in death from bronchial asthma, as the picture is not confused 
with secondary changes such as infection or oedema. All the broncm 
with cartilage and glands are more or less filled with mucus ; some 
are apparently completely occluded (fig. 1), while others show a centra 
cavity of variable diameter. The mucus has a fibrillary appearance 
and is almost unstained in hsemalum and eosin sections, but it stams 
brightly with mucicarmine. Its cellular content is low and verj 
uniform — desquamated ciliated columnar epithelial cells of ® 
bronchial mucosa and eosinophils in roughly equal proportions, wi 
less frequent macrophages and scanty polymorphs. The desquama 
epithelial cells are not confined to the mucus at the margin ; 
present in the interior of the mucous plug. The imng epit 'C m 
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Ficj 1 — Small bronclms showing marked contraction and thickening of tlio wall, 
with a plug of mucus almost occluding the lumen H and L xlO 



hm 2 A tiriniiml bmnchiolo fiUcd svith mucus which extends into the adjacent air 
c entries H and i: xl50 
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still in situ is represented mainly by the deeper cells, but where the 
surface layer survives goblet cells appear to be more frequent than 
usual. The contracted state of the ^bronchi is evident in their 
accentuated wrinkling and crenation. The mucosal basement 
membranes are much thickened, hyaline and structureless. The 
mucosa is appreciably broadened and shows a dense cellular infiltra- 
tion, the great majority of the cells being mature two-lobed eosinophils 
(fig. 6). This eosinophilic infiltration is not sharply confined to the 
mucosa ; it extends into the submucosa and adjacent septa and the 
peri-bronchial tissues generally. Eosinophils are scanty in the 
broncliial glands and muscle, but abundant in the connective tissues 
between them. There are scattered lymphocytes as well as small 
lymph follicles in the submucosa. The bronchi are congested, with 
frequent dilated blood vessels in the submucosa ; a few dilated 
capillaries are packed with solid masses of eosinophils. The bronchial 
glands are hypertrophied and prominent, and their ducts, which are 
dilated and filled with mucus, show hyaline thickening of the base- 
ment membranes. The bronchial muscle generally is hypertrophied. 
These changes arc present in all the larger and medium sized bronchi. 
In the smaller bronchi mthout mucous glands or cartilage and in the 
bronchioles the appearances are much more variable. About half 
show changes similar to those in the larger bronchi, differing only 
in degree. The mucus, which generally fills them, contains few cells 
other than macrophages, and in particular the ciliated columnar 
epithelial lining has not desquamated and consists mainly of goblet 
cells. The basement membranes are thickened and hyaline and “the 
muscle appears hypertrophied, but the mucosal eosinophilic infiltra- 
tion is less marked. The remaining bronchioles, consisting of the 
majority of the terminal ones, contain no mucus and are collapsed, 
with irregular distorted lumina. The lining cells are detached in 
sheets and goblet cells are scanty or absent. Basement membranes 
are not thickened and eosinophils are practically absent. A few 
however of the terminal broncluoles are distended with mucus, and 
not infrequently this extends into the associated air vesicles (fig. 2). 
This filling of the air vesicles -with mucus is not associated with any 
cellular or other local reaction. 

With methylene blue and eosin, Charcot-l»eyden crystals stand 
out prominently as red in the practically unstained mucus in the 
lumen of the bronchi. They occur singly and in clusters and vary 
greatly in size ; a few are small and some of these are inside the 
cytoplasm of macrophages, but the majority are larger. In the 
bronchial mucosa, at the sites of maximum eosinophilic infiltration, 
Charcot-Leyden crystals are common but hero all are small, none 
being longer than twice the diameter of an eosinophil. They are not 
present in the bronchial raucous glands or their ducts, and presumably 
these small crystals pass tlirough the thickened basement membranes 
to the lumen of the bronchus and there grow by accretion of the 
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products of eosinophilic disintegration. No Charcot-Leyden crystals 
are evident inside the cytoplasm of the eosinophils. In the smaller 
broncM a few Curschmann’s spirals are also present (fig. 3). The 
only vascular changes noted are occasional thrombi in small pulmonary 
arterioles, all of them recent and only one showing early organisation. 
No lesions are seen in the vessel walls and there is no eosinophilic 
infiltration. 

Liver. This shows the changes of early chronic venous congestion. Tlw 
cells in the central and intermediate zones are shrunken and degenerating and 
their nuclei are pyknotic. 

Thymus. This consists of vascular and oedematous adipose tissue, with 
islands of lymphoid tissue containing scanty Hassall’s corpuscles. 

Kidneys. Glomeruli are large and capsular spaces are reduced or apparent!)’ 
obliterated. There is slight granularity and swelling of convoluted tubular 
epithelial cells. 

Myocardium. This shows no obvious abnormality. 

Eosinophils are not evident in any of these four organs. 

Dermoid cyst of ovary. The only material available for study is 
a paraffin block of one-half of the mural teratomatous nodule. It h 
covered at one end by keratinising squamous epithelium (fig. 4) 
resembling sMn and with abundant sebaceous and sweat glands and 
a few strands of unstriped muscle in the underlying connective tissue. 
This changes into non-keratinising squamous epithelium for a short 
length, which in turn is replaced by pseudo-stratified columnar 
epithelium of respiratory type. From the surface two narrow clefts 
extend for a short distance into the interior, one covered by similar 
epithelium, the other by a single layer of ciliated columnar cells. 
As in the bronchi, the surface cUiated epithelium has largel)’ 
desquamated but it survives in small areas. Beneath this respiratory 
type of epithelium is connective tissue containing much unstTipea 
muscle and deep to this are frequent mucous glands. The respirator) 
epithelium on the surface of the nodule gradually thins to an occasiona 
isolated epithelial cell at the other end of the section, where mucous 
glands are lacking. No cartilage is present and there is nothing 
resembling lung tissue. Deep to the tissues described are small foci 
of dilated sweat glands, adipose tissue, small bundles of periphera 
nerve fibres and a tube of nnstriped muscle lined by mucosa o 
intestinal type. . 

The resemblance of the epithelium termed respiratory to that 
the bronchi is heightened by the presence of similar “ asttoa ic 
changes in the underlying tissue. The basement membrane is nmc 
thickened and hyalinised, and under it is a dense focal infiltra o^ 
of eosinopliil cells (fig. 7). . This has a very precise distribution, 
being present under the skin and only a few under the short 
of non-keratinising squamous epithelium. It extends to the connec ^i^^^ 
tissue between the bundles of rmstriped muscle and between 
mucous glands, but not to that around the muscle bundles, sebace 
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it as mucus and do not mention the use of mucicarmine stain. Its 
presence in the air vesicles is presumably the result of inspiratorj- 
elforts when the bronchi are largely occluded by mucus. In another 
recent case of death in an asthmatic attack I was able to demonstrate 
a similar amount of intra-alveolar mucus. 

Clioically these cases have an asphyxial death from bronchial 
obstruction, and there has been much discussion as to the relatire 
importance of the three generally accepted factors — over-production 
and retention of mucus, muscular contraction of bronchi, and mucosal 
oedema. It would appear that these have not the same significance 
in fatal and non-fatal asthmatic attacks. In the latter the obstruction 
is relieved by adrenalin, and it is reasonable to suppose that the 
contraction of the bronchial muscles is the major factor in determining 
the obstruction. The majority of the cases with which this paper 
is concerned are examples of status asthmaticus, in which adrenalin 
and similar drugs are ineffective in relieving the condition. They are 
generally described as adrenalin-fast, implying that adrenalin has failed 
to produce a relaxation of the bronchial muscles. But it is doubtful 
if this is a justifiable assumption, as the main cause of bronchial 
obstruction found in the majority of these cases at autopsy is blockage 
by mucus. The contraction of the broncliial muscle is presumably 
relieved by adrenalin in these cases, as in those ■with non-fatal attacks, 
but the blockage by mucus persists, and clinically the adrenalin 
appears to be ■without beneficial effect. Further support to this view 
is obtained from the history of cases similar to the one here reported 
in which no status asthmaticus was present, but where the fatal out- 
come followed the administration of morphine, a powerful respiratoiy 
depressant. In the present case, death, which was quite unexpecte , 
occurred 8 hours after \ gr. of morphine had been given. Siuiuar J 
Thieme and Sheldon were of the opinion that in 3 of their 7 cases t e 
administration of morphine was a contributory factor in causing dea |- 

The most interesting feature of this case is the “ asthmatic 
reaction in the ovarian teratoma. It is all too easy, as Gale an 
Willis (1944) have recently pointed out, to “ identify” organs or ■pa s 
of organs in a teratoma, and I have consciously refrained roffl 
describing the affected tissues as bronchial wall. The correct type 
of epithelium and abundant mucous glands and muscle would seeni 
adequate grounds for so labelling it, but cartilage is absent, an^ 
apart from the muscle it could equally well be nasal mucosa, 
term it respiratory epithelium is at least admissible. The sigm 
of the asthmatic reaction is not thereby minimised, as changes , 
to those in the bronchial wall have been demonstrated in the 
mucosa of subjects dying in an asthmatic attack (Kountz a 
Alexander ; jffiehael and Rowe). The grounds for calling the ' 
asthmatic would seem to be adequate. The eosinophihc mm 
Charcot-Ley^den crystals and thickened basement ^ 

similar to those in the bronchi, and there are no indications o o 



OF PATflOLOO\-VoL LMt 


tiiATE xxvirt 


ASTHMATia HEACTIOV IN AN OVARIAN TERATOMA 



Fjo 6 Bronchus 0 5 cm m external dinmetcr, showing thickened basement membrane, 

hypertrophied muscle, one or two bronchial gland ncini and intense eosinophilic 
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possible causes such as necrosis or inflammatory change. Turther, 
the absence of a similar reaction in the adjacent non-respiratory tissues 
(skin with sebaceous and sweat glands) is very significant. One 
can only wonder at the high degree of tissue specificity that the case 
so admirably demonstrates. 

The coincidence of two variables, death in an asthmatic attack 
and the presence of an ovarian teratoma containing respiratory tissue 
sufficiently well differentiated to show the asthmatic reaction, 
determined the final picture in this case, and it is interesting to 
.speculate as to the chances of such an association being again 
encountered. Neither bronchial asthma nor dermoid cysts of the 
ovary aro rare, but the majority of such tumours are nowadays 
obtained as surgical specimens, and a patient with such a tumour 
is not likely to be subjected to operation during an asthmatic attack. 
The available data on the persistence of asthmatic changes is small. 
Thieme and Sheldon, in 10 cases of asthma djing from a variety of 
other causes, did not find in the lungs the lesions characteristic of 
death in an asthmatic attack. Only two showed eosinophilic in- 
filtration of the bronchi, and in the case with the shortest interval 
between an asthmatic attack and death (15 days), the only pulmonary 
finding which could be related to asthma was occasional thickening 
of the basement membranes of some of the medium sized bronohi. 
This is soon in some oases of ordinary clmonio bronchitis, and it would 
therefore appear unlilcely that asthmatic changes in a similar ovarian 
teratoma would persist long enough for their recognition, if, as is 
probable, the tumour were removed some time after on asthmatic 
attack. Nevertheless a careful examination of such tumours and 
other well differentiated teratomas with this point in view might 
bring to light further examples, as well as similar appearances in 
subjects with other allergic diseases or conditions in which specific 
tissues or organs are affected. 

Summary 

In a woman dying in an attack of bronchial asthma there was 
found in the teratomatous respiratory tissue of an ovarian teratoma; 
“ asthmatic ” changes similar to those present in the bronchi. 

I wish to express my thanks to Dr A. G. Ogilvio for tlie use of the clinical 
note^ of caso. 
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THROBIBOSIS OF THE AORTA IN THE NEI\T30RN : 
THREE CASES, ONE WITH INFARCTION OF 
THE LIVER 

J. Bdgak Mobison 

Ocpurlincnl of Palliologi/, Queen’s Univcrstlij, tmd ■ 
liclfail Gill/ Hosinlut, Betjusi, Northern Irehmi 

(Plate XXIX) 

Occlusion of Uio aorta by embolism or thrombosis is rare at any 
ago and especially so in cliildiiood. Rothstoin (1935) in a detailed 
survey of 123 cases of embolism and tlirombosis of the abdominal 
aorta paid special attention to cases under 15 yoors. Ho reported a 
case in a 13-day-old infant and found records of 11 others. T'Vo of 
tlioso occurred in the 2nd week, two in the 3rd week and the remaining 
seven between the 9th month and the 12th year. A brief note by 
Lakin (1934) recorded a case in an 18-day-oId infant, Becker, and 
Oirgonsolin U039) described cases in Infants aged 5 and 16 months, 
and BobeD' (1937) a case in a 10-ycar-old girl following diphtheiin. 
Recent reports of cases in adults include 16 reported by Reich (1943) 
and 3 by Fry (1039). 

It is often impossible from the description given to decide whether 
the occlusion was duo to emboh'sm or thrombosis. An embolus 
resulting from endocardial thrombosis and impacted at the iliac 
bifurcation with secondary propagation of thrombus upwards, but 
rarely above the superior mesenteric artery, has often been responsible. 
Half of Reich’s cases were duo to embolism. Apart from atheroma, 
syphilis and aneuiysm, little is knoivn of the structural factors 
contributing to thrombus formation in the aorta. 

The pre.sent study is based on three oases c.xamincd at autopsy. 
In the first the thrombus was of some duration and the case presented 
certain interesting problems. In the other two it was more of the 
naturo of a terminal complication and had not produced lesions in 
other organs. 

Case kei’obts 
C asa 1 

Clinicul history. 'J’lio iurniU was a male weighing 7 Ib. G oz. at birth. 
Xoouatal icterus was marked, but apart from slight vomiting lie was normal 
until tho 8th day, u-hen the temperature rose to 102'’!'. and he appeared 
jopwf. or riTu.— TOL inj 221 P 
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deliydrated. Sulphathiazol and oxygen were given and an oral thrush infection 
treated, but he remained seriously ill and very dehydrated for three days, tlioiigh 
a blood culture was sterile. From-the 12th to the 14th day the temperature 
remained around 101° F., chemotherapy was continued, there was occasional 
vomiting and the oral thrush infection was refractory. On the loth day bright 
red blood was passed per- rectum, and this continued for tlie next three days 
until death occurred. A vitamin K- preparation was given at birth and on tlic 
15th and subsequent days. Healing of the umbilicus rvas slow, but appeared 
satisfactory'. 


Post-mortem fiyidings 

Anatomical diagnosis. Peculiar focal arteritis of abdominal aorta, 
with thrombosis extending into the branches of-the cceliac axis, left 
renal and inferior mesenteric arteries : infarction of liver and left 
kidney : patchy hemorrhagic infarction and ulceration of stomach 
and descending and pelvic colon. Excessive aspiration of amniotic 
contents, with histiocytic reaction in alveoli : diffuse atelectasis and 
undue prominence of alveolar lining cells. Small subarachnoid birth 
hemorrhages with localised thrombosis of related meningeal veins. 
Balanitis. Left subacute otitis media. Unhealed umbilical scar. 

O'ross morbid anatomy. Extertially there was no rmusual pigmeiitBtion 
and no sepsis except a slight balanitis. A special study of the lower liwb^ 
showed no gangrene nor trophic change. The peritoneal cavity contained 
4-5 c.c. of blood-tinged fluid. Fibrin and congested subserosal blood vessels 
were present over the lower half of the colon and on the pohne peritoneum 
around ttie urinary bladder and rectum, and fibrinous adhesions passed to a 
few of the neighbouring loops of small intestine. Tlie heart was normal and 
both valvular and mural endocardium were free from thrombi or vegetations' 
The lungs were uniformly but rather ’poorly' expanded ; they were free fmni 
any' actual areas of consolidation. The tby'mus was atrophic.’ The duodcnuint 
pancreas, small intestine, emeum and ascending and transverse colon were 
normal. The walls of the descending and pelvic colon and the related moseiitor) 
were thickened and oedematous, the subserosal vessels congested and tlio serosa 
purple-red and covered with fibrm. Tliis portion of the bowel was dilated am 
tlie mucosal surface purple or dark red, except where it was deficient o\cr 
rather sharply defined ulcers witli a dirty yellow floor up to 2 X 1 cm. in diamclen 
'The anal canal and rectum were normal. The stomach, apart from 
post-mortem autolysis, showed intense but rather patchy congestion m 
mucosa. Though the liver was normal in size and its capsule smooth, d 
soft and flabby and large ill-defined area.s were seen through the capsule. * 
section from one-half to two-thirds, and especially' the more central and an cru^ 
part, was occupied by soft confluent areas where the fine structural pattern ' 
lost. Tire margins of these areas were not grossly' hyper.Tmic and, 
slightly paler and more yellowish grey than the remainder of tlio organ, 
were often difficult to distinguish.- The gall-bladder contained bile an 
biliary passages were normal. No structural detail was recognisable 
congested spleen ; it was only' slightly enlarged. The right kidney ani 
adrenals were normal. Roimd the left kidney there was slight 
oedema. On section intense congestion of a narrow zone beneath the 
contrasted with the yellowish white colour of the remainder of 
which was entirely' necrotic and structureless. The urinary from 

and testes were normal. The mouth, pharynx and oesopJiagim 
thrush infection. The aorta showed a_ mass of firm lamina*®* 
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eriending into the cceliac axis and ifa branohea, tha left renal artery and the 
commencement of the inferior mesenteric artery. In all the ilino hranohea 
and in the obliterating liypogaatric arteries there was thrombus, but it was 
le«w well formed. 

Microscopical ejcamination 

Aorta arid brarwhes. At no point did ante-mortem thrombus 
entirely fill the lumen, but it was most abundant between the ooeliac 
axis and left renal artery. In the thrombus red blood cells had lost 
tlteir outline and the nuclei of leucocytes were disintegrating. The 
subjacent endothelial cells were usually deficient and the intima was 
slightly cedematous, but cellular reaction was limited to swelling of 
fibroblasts. In the aorta and left renal artery small aggregates of 
red cells were sometimes found in the intima and between the elastic 
fibres of the adjacent media, Lying in the media of the aorta and 
unassociated rvith any distinctive changes in the adjacent intima or 
in the thrombus in the lumen, there were a few minute focal lesions 
(fig. 1). These showed some mdema, infiltration by polymorplionuclear 
leucocytes and swelling of fibrous tissue cells, but no disruption of 
elastic fibres. Bacteria could not be demonstrated and' there was no 
inflammatory reaction in the peri-aortic lymphatics. 

There was a little recent ante-mortem thrombus, but no embolic 
material at the iliac bifurcation. Sections excluded propagation 'from 
the thromhus in the obliterating hypogastric arteries or spread of 
infection from the umbilicus along the peri-arterial tissues. The 
channels of the ocnliac axis and commencement of the'hepatio artery 
were not entirely obliterated. The hepatic artery in the porta hepatis 
contained no thrombus, and it was impossible to determine the 
completeness of the occlusion of the vessel and its anastomotic 
channels proximal to this. Occlusion of the left reilal arteiy ■was 
complete, but sections of the inferior mesenteric artery failed to 
establish complete occlusion. 

Liver. Part of the liver was normal and showed no cellular 
reaction in the portal tracts and no fatty change in the parenchyma. 
Near the necrotic areas liver cells showed scarcely any fat vacuolation, 
but in a narrow zone at tlie margin tliej' were often slightly atrophic 
and the sinusoids were distended with red ceils. Tlie infaroted areas 
had an irregular margin because the liver cells arountl tlie portal 
tracts tended to survive (fig. 3). In large areas the liver cellt were 
eosinophilic and bad entirely lost their normal arrangement and 
outline. They were sometimes further disorganised by veiy small 
aggregates of red cells, and the nuclei of the sinusoidal lining cells 
were often preserved when adjacent liver cells had disintegrated. The 
portal tracts in the infaroted areas were distinct and the bile channels 
normal. The central lobular veins and the vessels of the portal tracts 
appeared patent, though the endothelial lining ceils were often 
-swollen. Infiltration by inflammatory cells was almost confined to 
the ojdematous tissue of the portal tracts, and aggregates of poly- 
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morphonuclear leucocytes spread out along the larger tracts often 
extended beyond the margins of the infarct. Throughout the in- 
farcted tissue a few liver cells at the margin of the portal tracts escaped 
(fig. 3). Sometimes these appeared to be proliferating, but there was 
no proliferation of bile duct epithelium. 

Left Icidney. There was almost complete necrosis of cortex, 
medulla and renal pelvis. In a narrow subcapsular zone tliere were 
breaking down polymorphonuclear leucocjrtes and small confluent 
licemoiThages and dilated blood spaces (fig. 4), Internal to this it 
was still possible to recognise nuclei in a few glomeruli and sometime.s 
in the tubules. Thrombi were present in small radicles of the renal 
vein and in some of the venous twigs from the upper end of the left 
ureter and pehns of the right kidney. 

Stomach and colon. The changes were essentially similar in both 
viscera, but they were more marked in the colon. Areas of intense 
congestion bordered areas .where the mucosa was deficient, and 
often large infiltrations of polymorphonuclear leucocytes invaded the 
muscle and extended to the serosa. Blood vessels were everjTt’here 
congested and ante-mortem thrombi were present in the small vein.s. 

Veuis. The portal vein and inferior vena cava were free from 
ante-mortem thrombi. 


Case 2 

Clinical hislory. A male child lost 18 oz. in the first 2 days of life. He 
then had severe diarrhoea, a temperature of 100® F. and inflamed ear drums. 
There was no response to sulphadiazine and death ooeurred three days later. 

\ 

Post-mortem findings 

Anatomical summary. Congenital aneurysm of ductus artenosii.'! 
communicating with aorta : ante-mortem thrombus in thoracic aorta. 
Non-specific pharyngitis and laryngitis witli ulceration : termina 
pneumonia : acute bilateral otitis media : acute non-specific 

oesophagitis. 

The pulmonary end of the ductus arteriosus was closed, the ve.^se 
wall was normal and no clot projected into the pulmonary artery. 
About 3 mm. from the pulmonary artery the ductus dilated into an 
almost circular sac 5 mm. in diameter and this narrowed to 3 raw* 
to open into the aorta. In this portion the normal intimal * 
were absent.* Continuous with the dark red blood clot which filk 
sac and extending to xvithin 5 mm. of the diaphragm there 
greyish mass of thrombus in the aorta. JDcroscopically, thick p a 
laminae with adherent blood cells and entangled fibrin strands i 
the gi'eater part of the lumen, but apart from some prolifera ion 
intimal cells the vessel wall was normal. 

♦ For a discussion of the mechanism of anatomical closure of the ductus ex 
and its anomalies see Jager and Wollenman (1942). 



I'n* '5 — Crt ‘'0 I. In tho infnrrtcd tiswe 
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Case 3 

Clinical hisloni. A male infant died on lira 0th dny. Ha nae jaundicad, 
drank poorly 'and' Imd mtennittont diarrlirea from tlio 3nd day. 

' Post-mortem findings 

Anatomical snmmarg. Thrush and associated bacterial infection ■ 
of mouth, pharjTix, larynx and oesophagus : bilateral aspiration 
bronchopneumonia {Staph, aureus and B. coli). Bilateral renal venous 
thrombosis with organisation in arcuate and interlobar veins ; red 
and white venous infarcts in both kidneys: organising embolic 
thrombus in pulmonary arteries. Terminal thrombosis of renal 
arteries and abdominal aorta. 

Thrombus in the lumen of the aorta extended from the coeliac axis 
to the inferior mesenteric artery. A block of tissue from this region 
was out transversely and selected sections from the serial ribbon 
were stained and examined. Compact thrombus almost occluded 
the openbigs of the renal arteries and branching lamina; of platelet 
thrombus extending into the aorta had entangled many red blood 
colls in a fibrin meshwork. A few endothelial colls had proliferated 
near the orifice of one renal artery, but there was no reaction in or 
around the walls of the vessels. Branches of the renal arteries were 
not occluded and propagation of the thrombus from the infarotod 
kidneys could bo excluded. 


Discussion 

Occlusion of blood vessels by thrombosis is usually gradual and 
often incomplete. When it involves arteries where there is an ex- 
tensive anistomotie circulation the whole of the area normally supplied 
cannot become completely isohsemie. In case 1 of the present series 
the circulation to the lower limbs was not interrupted, but in spite 
of its systemie and portal blood supply a largo part of the liver was 
infarcted. The results of relative isebramia of the stomach and colon > ' 
and of complete occlusion of the renal artery were also illustrated. 

In cases 2 and 3 the lumen of the aorta was not eompletely occluded 
and no structural complications were evident. 

Infarction of the liver has been reviewed by Lund ct al. (inSo) 
and by Pass (1935). They were mainly concerned with the effect of 
occlusion of the hepatic artery distal to its anastomotic connections. 
The vascular lesions necessary for infarction have also been investigated 
experimentally, notably by Cameron and Mayes (1930) in the rabbit. 
They have shown the importance and complexity of the anastomoses 
in the arterial blood supply of tliis organ. There is adequate evidence 
in man and in'llie rabbit that occlusion of the systemic arterial blood 
supply of the liver leads to widespread necrosis. In the present case 
the extent of the infarcted area and the failure to demonstrate 

JOURS, or rilQ.— VOL. LVII P q 
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thrombi in the branches of the hepatic artery in the liver appeared 
to exclude the carriage of emboli to that organ. Tivc uncertainty as 
to the patency of the numerous anastomotic arteries of the cceiiat; 
axis prevented any estimate of the completeness of the hepatic arteriid 
occlusion. Again the partial occlusion of branches of the cceliac axis 
and of the inferior mesenteric artery may have secondarily reduced the 
volnme of the portal venous circulation, 

A notable feature is the relatively small amount of liver tissue 
in a condition intermediate between normal and necrotic. In 
occlusion of the portal circulation the systemic blood from ihc 
hepatic artery should prevent necrosis. Atrophy of the liver cells 
with congestion of the sinusoids results but no true infarction. This 
is the so-called “ atrophic red infarct of Zahn ”. Zimmerman (1930) 
discussed the literature verj' fuUy and reported a case of widespread 
infarction of the liver with occlusion of the portal vein in a 31-ho«r-o!d 
baby. He thought it necessarj? to attribute this outcome to an 
associated hypoplasia of the hepatic artery. Morison (1044), in 
discussing umbilical sepsis, attributed to embolic portal occlusion a 
small solitary area of necrosis surrounded by a relatively wide zone 
of atrophic liver cells and dilated sinusoids which he encountered ■ 
in one case. The liver lesions described in a stillborn infant by Palmer 
(1923-24) were in some respects similar. The essential factor in 
determining the result of occlusion of any of the vascular channel 
of the liver is the quality of the blood reaching the liver cells. ToxTemia 
and circulatory or lung lesions with deficient oxygenation of the 
blood may influence the outcome as well as the extent and site of 
the occlusion. Cameron and Mayes failed to produce infarcts w 
14-day-old rabbits by hepatic ai'terial occlusion, but the human 
infant does not appear to enjoy any such advantage. 

Among the six reported cases of occlusion of the aorta in the 
neonatal period a reasonable explanation was provided only m 
Rothstein’s patient, fragments of thrombus were found adherent to 
the endocardium of the left ventricle, and the occlusion was apparenfi.v 
embolic. No such explanation is possible in the present cases. Apad 
from the absence of any such nucleus in the clot, there was no possible 
source for a thrombus in the left side of the heart or in the pulmojiar) 
veins. A paradoxical embolus can only arise when the foramen o' a 
is widely open and unguarded by the usual folds. 

In cases 2 and 3 local stasis and the occurrence of eddie.s i'l t 
blood stream are the only obvious explanation for the occurrence 
of thrombosis in this unusual site. In case 2 the wide 
the aorta into the aneurysmal sac of the ductus arteriosus an 
closme of the pulmonary end of the ductus provided a volume 
stagnating blood in which thrombus formation might be initiate • 
case 3 the extensive venous infarction of the kidneys would pro 
changes in the blood flow at the orifices of the renal 
^ case 1 there was no anatomical peculiarity and it appeared inipro 
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that a primary venous thrombosis had produced uniform pale in- 
farction of one kidney. 

The aggregates of polymorphonuclear leucocytes in the media of 
the aorta in case 1 must represent some form of arteritis and the 
thrombus formation may have been secondary to this. Many sections 
were examined. The largest aggregates (fig. 1) showed transitions to 
much smaller and more diflfuse collections, there was no erident in- 
fection of the adjacent blood clot and no infection in the peri-aortic 
lymphatics or loose adventitial tissues around the aorta. The lesions 
differed from the adventitial aortitis with aortic thrombosis described 
by Becker and Girgensohn in a 16-raonths-old baby and attributed 
by them to spread of infection from the gut to the para-aortic 
lymphatics. A primar 5 ' acute aortitis not attributable to an associated 
or preceding infection of the heart valves or adjacent para-aortic 
structures is extremely rare. Stumpf (1913) found only nine cases in 
addition to his own, and Rappaport (1926) reported another. In tlie 
present instance, apart from the apparently localised infection of the 
umbilicus and the healed thrush infection of the mouth, there was 
no evidence of an infective focus in the body. Chemotherapy may 
have caused an earl}’ resolution of some other infection, such ns 
pneumonia. It may even have masked the full development of some 
form of infective aortitis. , 

It is extremely doubtful if the infiltrations in the aorta could he 
secondary to occlusion of vasa vasoriim by thrombus in the lumen of 
the aorta. The possibility of an arteritis similar to tliat described by 
Rich (1942) as resulting from hypersensitivity to sulphonamides, alone 
or in combination with foreign serum, may be considered. A detailed 
study in all viscera of arteries of the size usually affected revealed no 
lesions. > 


Summary 

Thrombosis of the aorta was found in three infants in the neonatal 
period. In two cases stasis, secondary to a congenital abnormality 
of the ductus arteriosus and to bilateral venous infarction of the 
kidneys respectively, may have been of mtiological significance. In 
the other case, which was complicated by infarction of the liver, left 
kidney, stomach and lower part of the large bowel, a peculiar arteritis 
was found in the media of the aorta. 

I wish to thank Dr F. M. B. Allen for the use of the clinical notes of 
these ca.seg. Prof. J. H. Biggart for his advice and Mr D. McA. Alehaffey for 
photography. 
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The histology of normal human atrio -ventricular valves is detailed in a 
recent paper (Harper, 1940-41 ). Fibroblasts constitute the main cellular element 
of the subendothelial zone. They are most abundant in the distal two-thinis 
of the cusps and are commonly found adjacent to the surface of.collagenoiu 
bundles. In adult hearts fibroblasts are for the most part highly differentiated 
but are less so in the first and second decades of life, in which also smaller cell? 
having the same general appearance are numerous in the connective fisJiie, 
especially of the proximal portion of the subendothelial zone. These are 
regarded as undifferentiated fibroblasts. Scattered throughout this zone, both 
above and below a superficial elastic layer, are cells which have all the chorneters 
of histiocytes. Proximally the subendothelial zone is directly related to the 
atrial musculature. 

Technique ‘ 

Injection and clearing 

The human hearts W'ere placed in normal saline at room temperature until 
rigor mortis had passed off. Cannul.-e were then inserted into the orifices of the 
coronary arteries and the heart perfused with warm normal saline. Tiie 
injection masses used were a 3 per cent, aqueous solution of berlin blue or a 
2 per cent, aqueous^olution of India ink. Rabbit hearts were injected directly 
through the aorta. A 10 per cent, formalin-acetic mixture was employed as the 
fixative in most^ cases. IVliole specimens of valves were cleared by Reagans 
modification of the Spalteholz method (1926) and permanently preser\’e(l in 
three parts methyl salicylate to one part benzyl benzoate. 

Experimental damage to rabbit valveJt 

This was produced by the intravenous injection of a suspension of " afeu- 
ronate ”. This substance was in the form of a yellowish brown powder altno?! 
insoluble in water and composed of amorphous and pseudo-crystalline particlt^. 
The suspension used was made up by adding 6 g. of aleuronate to 2.T c.c. of coh 
sterile normal saline and stirring ; of this suspension T> c.c, were injected info 
the marginal ear \''ein of the animals before sedimentation had begun. 

Vital staining 

Trypan blue was administered subcutaneously in a 2 per cent, solution m 
distilled water and the animals killed at various intervals after the last injection. 
This dye was also superimposed on valves previously damaged by aleurona c. 
Before use the trypan blue solution was filtered and then sterilised by gen 
boiling. Blood cultures were made from each animal before the odministra ion 
of the inoculum and before killing, all with negative results. The amoiin “i o 
the dye and aleuronate suspension used are given in the accompanydng ta e. 


Table 


• Eabtlt 

Dolly dose of trypan 
bine (c.c.) 

No. of Injections 

Time between tot 
Injection and tlWci 

1 

2 

O.r 

1 

o 

12 llTS. 

u 

2-5 

2 days 

3 

2-5 

2 

10 1) 

4 

5 ' 

5-0 

.••.■o 

2 

o 

10 

6 

7-0 

2 


7 

7-0 

2 


8 

10-0 

o 

10 

9 

10-0 

2 
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Blood sotplIi of iieaiit valves 



Ficj 1 — Endocarditis of antenor cusp of mitml Jlnle nged 27 years 





bill 2 —The Rnmo HjK'cimon, injected ond cleiml (\)Hei\il> injected ntrml muscle, 
(15) \ epetntion , (C) papillary mustles, (D) Wood \C!«>eU of inflnmmatorj origin 
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R 10, B 1 1 and R 12 each received three daily doses of S c.c. of aleuronate 
buspensioii followed approximately Id lira, after the last injection by two daily 
do'^es of 5 c.c. each of trypan blue, R 10 was killotl 12 brs. after the last injection 
of tile dye and R 11 and R 12 after 7 and 29 days respectively. 


ExPEHlMENTAb OBSERVATIONS 
Blood vessels of diseased human valves 

In human valvulitis it is generally' admitted that the affected 
cusps contain a system of blood vessels. All cases of ulcerative type 
(fig. 1) exhibit a fairly complete vasculature extending from the base 
of the mitral to the vegetations, many arterioles of large size being 
observed (fig. 2). Blood vessels extending from the papillary muscles 
along tile chordal tendinea: occur in most cases of this type. Fig. 4 
show's the vascular picture of a case in wliich the mitral exhibited a 
small nodular elevation about 3 mm. in diameter. The new blood 
vessels appear as irregular leashes passing downw'ards in the direction 
of the lesion. This vascular pattern gives no idea of time in relation 
to the disease process and it was at first thought that the new vessels 
were “ growing towards ” the lesion. Histological examination of 
this and similar specimens provided evidence of obliteration of vessels 
in and around the thickened area. The vasculature, therefore, was 
“ regressing from ” the lesion. 

The valvular blood vessels in these eases arc a new formation ; 
they run for the most part in the subendothelial zone and have arisen 
in the first instance by proliferation from vessels in the atrial 
musculature. But it is equally clear that cells associated ivith their 
subsequent establishment in _ the cusps are derivatives of certain 
subendothelial connective tissue cells which proliferate alongside the 
advancing capillaries (Harper, 1940-41). 


Blood cysts in heart valves 

During 'this investigation small dark red nodules were frequently ’ 
found in the atriovcntrioular valves of the newborn and infants in 
the first few months of life (fig. 6). They appear to have no patho- 
logical significance but arc of interest in the present connection since 
various authors have regarded them as luematomata resulting from 
the obliteration of valvular blood vessels. Others have attributed 
their formation to blood being pressed from the cavity of the heart 
into channels or crevices in the young undifferentiated valve. Recent 
observations favour the latter view (Dow and Harper, 1936-37). 


The heart valves of the rabbit 

In work on experimental endocarditis it is necessary to stress the 
significance of the presence or absence of blood vessels in the normal 
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cusps of the animals employed. The blood vascular content of the 
atrioventricular valves of the rabbit and guinea-pig conform to the 
human type. On the other hand, blood vessels do occur normally in 
the valves of certain species, e.g. cat, dog, sheep, goat, pig and horse 
(Bayne-Jones, 1917), but these. cannot be regarded as analogous to 
those of inflammatory origin which somet im es occur in man. The ' 
rabbit has been used extensively as an experimental animal and 
many workers have claimed success in the production of endocarditis 
with injections of certain bacteria. Rosenow (1912) and others believed 
that the process was one of embolism of blood vessels normally 
present in the valves, but anatomical studies show that no system 
of blood vessels pervades the whole extent of the valves in this 
animal and that the cellular content of the subendothelial zone is 
also very similar to that of man (Harper, 1938-39). 

The intravenous injection of a suspension of aleuronate produces 
damage to the area of contact on the atrial surface of the tricuspid 
in the rabbit. Since there are no blood vessels in the cusps them- 
selves this is presumably ejffected by actual bombardment of the 
cusps by the aleuronate particles. In these circumstances marked 
cellular changes take place in the subendothelial zone followed by 
growth of new blood vessels into this zone (fig. 6). Employang the 
amounts of aleuronate cited above, signs of commencing proliferation 
of blood vessels can be observed in 24 hours. The new vessels, at 
first capillary in size, arise as endothelial outgrowtlis from pre- 
existing vascular endothelium of the atrial muscle at the bases of the 
cusps, and advance as blindly' ending sprouts into the subendothelial 
zone, where by fusion they quickly form a dense network in its 
proximal part. The form of the growing vascular network is at first 
that of an indefinite capillary plexus, but as it continues to adyniice 
fusion of the vessels in the older parts of the plexus occurs. Simul- 
taneously' many of the intervening capillaries retract and disappear 
and the adult plexus is relatively stable. The new capillary plexus 
is contained in a relatively' thin stratum, the subendothelial zone, 
and -for the most part in one plane ; its final form, therefore, is uo 
so dense as might be expected. In the definitive plexus as seen soaic 
three months after its formation (fig. 7), it is a constant finding t w 
vessels of capillary' order project directly from larger or sma er 
arterioles before complete ramification of the latter has taken plar . 
and similarly capillaries enter directly into a well developed vein. 


Vital staining 

■N^ilal staining methods which liavc been used to deinarca^ 
clearly' defined groups of cells in other parts of the body' can be npp > 
to the study of the subendothelial 'zone of normal and e.xperimen 
damaged rabbit valves. When trypan blue is injected in 
concentration ty'pical macrophages and undifferentiated conn 
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Blood sdpplV op hcatt valmlS 



Tie 3 — Endocarditis oC tncuspjd \aUo injected and cleared remalo aged 52 jeara 
(A) HcoMly injected atrial inuaclo , (B) now blood vessels derived from atrial 
musculature passing to thickened free margin (C) , (D) now blood vessels m valve 
donv cd from vasculaturo in a papillary mnsclo (E) 




(V 






I'V 


\ N 

V 



Fin 4 — Fncloenrditis of mitral injected and cleared Female aged 30 j cars Heavily 
injected atnal inusclo and vniviilar blood \esseU of mflammatorj origin directed 
towards nodular thickening 
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conditions the “ sleeve ” cells of the chordae, which occur also in man, 
doubtless play a part in the establishment of new blood vessels at 
these sites. 

An increased staining property was e'xliibited by macrophages 
and to a less extent by undifferentiated cells wlien tlie dye was 
superimposed on damaged cusps (fig. 9). This was presumably 
accelerated by an increased permeabihty of the valve tissues, but it 
is interesting to enquire further into the possible causes of the intense 
and rapid segregation observed under'these conditions. The substance 
aleuronate is largely protein in nature and it is possible that thi.s 
substance after injection is accumulated by subendotlielial macrophages 
in particulate or soluble form prior to the injection of the dye. Cyto- 
plasmic inclusions are not readily stained by acid dyes hut instances 
have been recorded (von MSllendorff, 1921). Stained particles of 
absorbed protein may thus account in part for the increase in number 
and size of the inclusions observed in the subendotlielial cells in these 
experiments. Nothing in the nature of a generalised upset was 
observed in the experimental animals following the administration of 
aleuronate. It was noted, however, that the mitral valve of these 
animals, while suffering no obvious endothelial damage, exhibited a 
more intense vital staining, which indicated that in this situation 
also there was a greater receptivity to the dye. 


Discussion 

The blood vascular pattern of the heart valves in the .rabbit 
conforms to the human type. The valvular subendothelial zone m 
both contains several cell tyrpes, many of which under normal condition.'! 
are probably non-motile elements playing an important role m le 
general metabolism of the tissue. In valvulitis many are activate 
and produce other cell types. This reaction, primarily one of loca 
defence, is secondarily associated with the establishment of new 
blood vessels within the valve. The new vasculature is clearly pi"' 
of the inflammatory response. Even in acute cases there is 
time for thin -walled capillaries to form. Proof of this is furnislie 
datp recorded by Allen (1939) ; and in valves fi'om patients suffen'|^c 
from a first attack of rheumatic fever of six weeks’ duration or 
Gross and Friedberg (19366) found distant hyper-ca-pillarisa lon^ 
Harper (1940-41) recorded the early' reaction of valve tissue an 
relation to new formation of blood vessels in a case of rheuina i 
valvulitis in a child. . ij. 

The most probable explanation of the presence of blooc 
beyond their normal limit in human valves is that they' have 
formed as a result of injury to the cusps. The exact nature ° 
injury' is not fully understood but the work of Gross of 

indicates that rheumatic fever was responsible for the forma 
blood vessels in 44 apparently' normal valves. 
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Various degrees of liealing may occur in valvular endocarditis 
and thus the extent and persistence of the vasoularisation of damaged 
valves will depend in part on the stage of the lesion. 

The question of lymphatics in valves has a direct and important 
bearing on the problem. Aagaard’s monograph (1926) is the most 
comprehensive treatise on this subject. His findings regarding human 
valves were entirely negative. It may be, therefore, as Blair (1925) 
has suggested, that the apparent isolation of heart valves from the 
blood vascular and lymphatic systems bears some relation to the 
localised nature of the lesions in septic endocarditis. 

Certain results and views with regard to the production of 
experimental endocarditis, in so far as they concern the present work, 
may be noted here. Shaw (1904) -and Poynton and Paine (1900, 
1913) produced it in rabbits by the intravenous injection of largo 
doses of streptococci. Rosenow (1912) produced it in a- similar way 
and considered that the process was one of embolism of blood vessels 
normally present in rabbit valves. Ho stated further (1928) that the 
site of the lesion is determined by a certain quality of the organisms 
acquired in the individual from whom they were obtained and 
assumed that streptococcal strains have a selective action on 
tissues. 

Evidence in support of Rosenow was advanced by Bergen (1923) 
and Hadon (1923), but Honrici (1916), Moody (1916), Detweilor and 
Maitland (1918) and Toploy and Weir (1921) liavc stated that the 
source of the organism has no influence on its pathogenic effects. 
Detweilor and Robin,son (1916) were of the same opinion and noted 
further that the deposition of bacteria in the valves seems in some 
cases to take place on the surface, wliile in others it appears to be 
embolic. 

During the process of immunisation witli pneumococci Wadsworth 
(1918-10) observed the development of chronic endocarditis in hoiseb 
and Mair (1923) described a similar condition in rabbits. Dietrich 
(1926) also observed that endocarditis was more easily produced in 
animals which had been treated with injections of the same organism, 
and tliought that this was due to sensitisation of the valvular tissues. 
Wriglit (1926, 1927) showed that although it is possible to produce 
endocarditis in this u ay, it can be done only with great irregidarity 
and he considered that its production may be due to slight injury to 
the valve rather than to specific sensitisation. 

In the production of experimental endocarditis attention has also 
been directed towards procediuvs involving the preparatory injeotion 
of substances, c.g. casein and starch, believed to effect a disposition 
to the development of endocarditis. Thomson (1935) considered that 
these substances sensitised the valve tissues. Pfuhl (1929) lias 
described pigmentation, vacuolation and destruction of histiocytes in 
the valves of animals treated with vaccines and casein, and the work 
of Seinsroth and Koch (1930) indicated that there may be a disturbance 
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of the detoxifying function of the valve tissue iii the genesis of 
endocarditis. 

These results are of interest in the light of the present findings 
following vital stainuig of the rabbit valves. Storage of vital dyes 
can be regarded as a local defence activity, and when loaded with 
dye particles the cells will presumably become less capable of 
functioning. Silberberg (1928) has shown that macrophages contain- 
ing Mthium carmine were impeded in their phagocydic activity. 

The results of animal experiment and the data available for man 
indicate that a reticulo-endothelial function can be ascribed to the 
subendothelial zone of heart valves. In man certain conditions, 
notably rheumatic fever, activate this zone and in animals the so-called 
preparatory substances have the same effect. If the exciting cause 
is continued, impairment of the reticulo-endothelial function takes 
place and, in species having no blood vessels in the valves, 
vascularisation of the cusps results. Tire presence or absence of blood 
vessels in normal valves has thus an important and direct bearing 
on the interpretation of experimental results and indicates that care 
must be exercised in the comparison of the results of experiments on 
different animals. Thus the statement by Blahd ct al. (1939) that a 
preparatory substance is unnecessary is probably ill-founded, for the 
experimental animal which he employed — the dog— is one in wliicli 
blood vessels can be demonstrated regularly in normal valves. 
Clearly in such a case primary attack from within the valve woidd 
be a likely occurrence and doubtless accounts for the case vitli 
which the authors produced endocarditis by the intravenous injection 
of hajmolj'tic streptococci. In man and the rabbit on the other Imnd, 
jorimary embolism is impossible. In them the primary attack on the 
valve is from wthout, and in the genesis of valvulitis it seems more 
reasonable to j»resume that ,a combination of recent injury an( 
coincident blood hifcction is necessary, rather than to assume a 
selective action on the part of the bacteria. 


Summary 

1. Normal human heart valves, like those of the rabbit, arc largely 

non-vascular and contain no lymphatic vessels. . 

2. In diseased valves blood vessels are fonned as part of 

inflammatory response. . , , 

3. Particulate damage to the tricuspid valve of the rabbit, as 

the intravenous injection of aleuronatc, induces a new formation o 
blood vessels in its cusps. 1^, 

4. A reticulo-endothelial function can be ascribed to I ic « 
endothelial zone of the heart valves. 

5. Primary’ embolism cannot be considered a factor in tlic go 
of endocarditis in man or the rabbit. 
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Pw. T.— R^ljbvt ItlttuspUl fibowuNg definitive nftv; Wood vn«evfii\v •plexu'* 12 weok^wCtec 
ftleuronate damage ; injected and clenre<l. (A) lino of nttnehmout of vnlvo ; 
(B) now blood vessels. 



I in. 8, Longitudinn! section of nnterior cusp of mitral. Babbit 2, 48 hours after 
*"^4^0°” blue. Prominent dj-o inclusions in macrophages. Carmnlurn. 
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Fio 9 — Longitudinal 
<?cction of nleuronnto 
damaged tricuspid 
Rabbit 10 Intense 
vital sta ning of cells 
in iitnal sub endo 
thelial 7ono v\ ith partial 
desquamation of endo 
tlielmm Van Gicson 
X400 


in 10 — Longitudinal 
section of anterior 
cusp of nleuronnto 
damaged tneusp d 
Rabbit 11 7 da>s 

after injection of 
trjpan blue Dje 
cont uning coIls(cl icf 
Ij in icropb igi s) m ir 
atrial surf icc \ an 
t leion X 450 




Fic 11 — Longitudmal 
Boction of anterior cusp 
of nlevironate damaged 
tricuspid Rabbit 12 29 
dnjs after mjection of 
trjTJnn blue Compact 
pahs ido 111 o thickening 
on atnal surface and 
some d\o cont lining 
mucrophagoR \ an 
Gic^on x450 
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6. In many mammals the heart valves are vasonlarised, so that 
caro must ho exorcised in the interpretation and comparison of resjilts 
of experiments aimed at the production of endocarditis in different 
species. 
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6i5 . 34 — 002 . I — 053 . 3 : 576 . 851 . 48 (Bad. coli neapoUtanmi) 

ISOLATION ON ANTIGENICALLY HOMOGENEOUS 
STRAINS OE BAGT. COLI NEAP 0 LITANU 3 T 
EROM SUMMER DIARRHOEA OF INFANTS 

John Bray 

Proyn an Etnrr/jcnn/ Medical Service Pathological Lnhorntory, 

Lomton, Sector VI 

Fbw investigations appear to have been made on tbo lactose-fermenting 
bacteria isolated from cases of tbe disease of infants varionsly known 
ns summer diarriicea, cholera infantum or non-specific gnstro-enteritis. 
The results of such an investigation carried out in parallel with a 
search for non-laotose-fermentors in these cases are here set out. 

The investigation of the lactose-fermenting bacteria followed on the 
observation of Beavan (1044 and personal communication) that severe 
oases of diarrhcea often emit a characteristic seminal smell. Winter 
(191 1-12) and Omstcin (1920-21) have commented on the strong semcn- 
like odour given off by certain strains of dysentery bacilli, but dysenterj' 
strains are usually absent from tj^lical cases’ of infantile diarrhcea in 
this country (Toploy and Wilson, 1930). It was considered at first 
that in our cases the smell might be due to the presence in the fteces 
of Protcas wdffari's (Metchnikoff, 1014; Bertrand, 1914; Costello and 
Lind, 1939), but on suboulturing on nutrient agar the strains of Bad. 
coli isolated from cases, it became apparent that certain of these 
strains were responsible for the smell. It was noted that the strains 
in question, identified as Bad. coli vrapoUlanum, showed a delay in 
the fermentation of maltose. Further investigation showed that 
organisms with these characters wore almost invariably present in 
oases of severe summer diarrhoea but occurred very infrequently' in 
the fajces of normal infants. It is with these bacteria that the present 
paper is chiefly concerned. 

Cases investigated 

Tlio investigation took place between March 1943 and April 1944. 
Tliere were G1 cases with 20 deaths. In 39 cases the disease was severe 
and during the summer of 1943 the mortality rate was 44 per cent. 
The clinical aspects of these cases will be described by Beavan else- 
where, but the usual features were vomiting, diarrhcea and dehydration. 
The fa>ees of all cases were examined bacteriologieally along with fieces 
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Eesults 

Controls 

Fsecal samples from 100 control infants obtained during tlir 
March 1943-April 1944 period were examined in the same manner 
as the specimens from the diarrhoea cases. These infants were 
hospitalised with the diarrhoea cases and can, therefore, be considered 
as contacts. Several of them subsequently’^ developed the disease. 
The figures for normal infants in table I express the actual number of 
infants from whose freces the different strains of bacteria were isolated, 
Bact. coli newpolitanum agglutinating to titre with the antiserum and 
biochemically identical with the strains recovered from the diarrhoea 
cases was isolated 4 times. 

Further control specimens examined for late maltose-fennenlcrs 
included 17 from normal non-contact infants from a welfare clinic 
and specimens from 80 adults and older children sent to the laboratory 
for investigation for various reasons. One strain was isolated from 
the first group and tlnee from the second ; of the last three two canic 
from cliildren aged 2 years suffering from Soime dysentery ; the other 
strain was from a child aged 5. These three children could be 
regarded as contacts. 

Sixty more fmcal specimens from the same number of iioimal 
contact infants were then exammed for sucrose- and salicin-fcrracnting 
strains of Bact. coli. Of the 8 strains isolated only one was an 
agglutinable late maltose-fermenter. In fsecal samjfies from 12 normal 
breast-fed infants late maltose-fermenters -were not found. 


Diarrhoea cases 

The cases are grouped into {a) “ Summer ” cases, from ]\Iarch Itlf’ 
to October 1943 inclusive and those of April 1944 (the weather in 
I\Iarch 1943 and April 1944 was exceptionally hot), and (b) “ Winter 
cases, from November 1943 to March 1944 inclusive. 

Summer cases. The percentage incidence of the different strain' 
of organisms isolated from the 44 summer case,s is shown in tabic 
Late maltose-fermenting Bact. coli neapolitannm was isolated fro® 
every case. Forty-two of these strains were agglutinable; two "c® 
ihagglutinable. As compared with the normal contacts, the frcqucnc} 
of P. morgani and the maltose -h strains of P. vulgaris w’as approxi^ 
mately doubled ; the frequency of the maltose— strains of F- 
approximately trebled ; while the frequency of Bact. coli neapolttas^^ 
rose from 4 to 100 per cent. — a twenty-five-fold increase, 
paracolon bacilli and Bact. sonnei \vill be discussed separately- 

These findings confirm the observations that have been 
on the sliift in frequency’ of P. morgani (Lewis, 1911-12)> 

P. vulgaris (Mctclmikoff, 1914) in cases of diarrhoea as 
w’ith normal infants. It was often found that each of t ic 
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lactose-feTiAfeAting colonies picked from the MacConkey plate belonged 
to tlie same late maltose-fermenting type, suggesting that these 
organisms had largely replaced the normal Bcict, coli. It is also 

^ TAntn I 


Pcrwatage incWencc o/ organisms in the faces of noniml infnnls and 
of (he dtarrhocit cn’ics 


OfRttnHms 

IQA noTTOKl infiuvl* 

Ca^’' of iHarrlifPO 

Slimmer (44 ca«cs) 

Summer and winter 

(*>1 cn^et) 

P. vwrqanx f , . . 

If, (12) 

33 0 m) 

32 

/’. viilffarie maJtow -}- 

fi 

110 

10 

P, i'lilgnns inulto‘«3— 

no (33) 

S4 0 (01 fi) 


Bflff. sonnei 

0 

0 8 

8 

Pomcolon bacilli 

A 

4 r> 

4 

Ps. pyocyatifa . 

1 

4 r» 

1 

Pact coll neQpohianunx 

\ 

100 0 

02 


Tlift figtjre** in IjmcUpt** givn tlio finflmpa of Morgan nnd Lotiinglmm (ItlOS 00)^for 
P. woiqnni during lOOS find of MetcliinWoff (ION) foi V. iulijnn< during l‘)00 11. 


noteworthy that in 13 of the diarrhoea eases the freces were examined 
before tlie acquisition of tlio infection in hospital and aie included in 
the control series. From none of these oases was late maltose- 
fermenting Bact. coli neapoUlanum found before the onset of 
diarrhoea, but this organism was recovered from all after the 
disease had sot in. 

irinicr coses. Seven ca8C.s were diagnosed ns gnstro-entoritis, 
with two dentils, during the months November to March. Tlie 
liacterioiogicnl findings were iiTeguIar. Agglutinable Beict. coli 
tieiipolilanim was i.solatcd from one case, Bad. sonnei from one ease ; 
paracolon bacilli biocliemically similar to the non-laotose-fennenting 
variants of Bad. coli nenpolitamim (described later) but inagglutinnble, 
were isolated twice. The frequency of the vaiious colifoims found in 
all cases is shown in table I. 

Characteristics of the late maUnse-fermentinq strains 

The biochemical ohnrnctcrs of the late mnltosc-feimenting stiains 
aie given in table IT. Forty-two of liie 4-t stiains fioni the eases 
of summer diarrlitra were agglutinated to title by tlio antiserum ; 
2 .strains were inaggUitiiiable. 

Biochemical variants. Towards the end of the March to October 
scrie.s attention was drawn to certain paracolon-like non-laetose- 
fermenters which appeared in 8 cases on the deso.\yoholnlo and 
MacConkey plates. Except for the action on lactose the fermentation 
and biochemical reactions, ns ahowm in table II, were identical witli 
those of the late maltose-fermenting strains. All the strains isolated 
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plated out. Besides Proteus vulgaris and P. morgani, the late maltose- 
fermenting Bact. coli neapoUiamm .(agglutinable) was isolated t\dce, 
This evidently shows that not onty had the flies access to the infants’ 
dejecta, hut also that if the organism is transmissible these insects 
could act as vectors. 


Discussion 

Whether or not Bact. coli neapolitanum of type 4988 is setiologically 
connected with summer diarrhoea of infants, neither P. vulgaris nor 
P. morgani seem likely to fit this role. Neither of these organisin'; 
is antigenically homogeneous. The low carrier rate of Bad, coli 
neapolitanum in normal infants supports the idea that its presence 
in the disease may be significant. Moreover, it is normal!}' abundant 
in the intestinal tract of the higher animals, but not in man (Winslow 
et al.). If the late maltose-fermenting strains have any ffitiologic.il 
importance it does not appear that they act in the same way as 
organisms of the dysentery group in view of the absence of groy 
inflammation of the intestine. The changes in the liver may suggest 
the absorption of some toxin from the intestinal tract ; on the other 
hand these changes are more probably due to stanmtion (Dible, 
1938-39). 

No experiments have yet been carried out to determine whether 
the organism produces a soluble toxin. Crowley et ah in their in- 
vestigations on neonatal diarrhoea found no evidence of a soluble 
toxin by injecting faecal filtrates into mice. Feeding experimenti 
which we made with living broth cultures on small numbers of lactating 
mice, kittens and rabbits gave negative results. There is some evidence 
(Light and Hodes, 1943) that neonatal diarrhoea is caused by a viri^ 
and it is possible, if summer diarrhoea and neonatal diarrheea ari 
retiologically related, that Bact. coli veapolifamim may be a.ssociatec 
with a virus on the analogy of the association between the virus o 
hog cholera and Bact. cholerm suis. 

Nevertheless, it has yet to be show'n that these organisms cau|e 
the diarrhoea and not that the diarrheea enables the organisms o 
flourish. In view of the somewhat hit-or-miss methods of detec uio 
them it may be objected that these strains may always be prescn i 
small numbers in normal faeces. TJiis may wmll be true, and per m 
the best that can be said is that, by present methods, these strains 
Bact. coli neapolitamim are very hard to find in norma! fmees 
very' easy to isolate in cases of summer diarrhoea. 

Summary 

A particular serological ty^pe of Bad. coli neapolitanum 
recovered from 42 out of 44 cases of summer diarrheea o 
The characteristics of these strains are described and t leir p 
mtidlogical connection with the disease is discussed. 
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A COMPARISON OF MODIFICATIONS OF THREE 
SEROLOGICAL REACTIONS FOR SYPHILIS : 
WASSERMANN, MEINICKE AND SACHS-GEORGI 
TESTS 

D. B. COLQUHOUN. W. B. K\xi: 3 and I. Baunte 

From /A? Bac/eriologi/ D^ipor/menf, The Unwersitu and Western Infirmary, 
and the IFm/ of Scotland Nenro^Psychuitric Jlesrnrch Institute, Olasqoin 

Sfiiolooic\Ij read ions for the clotcction of changes duo fo sypliills shoiild 
ideally fulfil alrict eonditlona of specificity and sensitivity; that is to say, 
positive results ought not to be obtained except wth sera from sj'philitics, and 
all cases of active syphilis at any stage should bo positive. Practically, it is 
impossible to satisfy these requirements completely. Talcing first the condition 
of sensitivity, it must be remembered tliot in a recent infection the reaction 
of tho serum does not pass abruptly from the nogntwo to the positive phase ; 
therefore a period of auspicious and weak-positive reactions must intervene, 
Secondly, when treatment begun at a stage of the disease nol too advanced is 
effective in ov'ercoming the infection, even short of complete sterilisation, the 
reaction of the serum returns to negative, and this may occur also when latency 
supervenes spontaneously ; this transition is also n gradual one. Accordingly, 
in coses undergoing vigorous treatment sera may bo expected to yield a consider- 
able proportion of less intensely positive reactions, f.r. weak-positive and 
suspicious. Tlie requirement of specificity Is, of course, oxccdlingly important ; 
it is a prerequisite of any diagnostic reaction that sources of fallacy should be 
rare or at least precisely defined. In the case of the Wassermann reaction, it 
has boon generally accepted that positive results are practically conclusive 
evidence of syphilis providwl that certain diseases uncommon in this country 
can bo excluded, e.<j. yaws and leprosy. Further, it has been conclude(| on 
fairly firm grounds that persistently weak-positive results indicate in tho great 
majority of cases a syphilitic infection wlilch is still active or has been active 
recentlj'. It appears, however, that, apart from syphilis, a tendency to react 
positively may be manifest temporarily in febrile states, especially in octivo 
malaria and acute rheumatic and pneumonic conditions, although as a rule 
such reactions are W’eak. For tliLs reason an important precaution is to 
reinvestigate positively reacting febrile patients after tho temperature has 
become normal. Accordingly, the clinical significance nttnehed to a weak 
Toaetion with tho serum of a patient under treatment for sj^ihilis differs from 
that in tho case of sera 8iibmitte<l purely for the purpose of diagnosis, since 
various conditions wliich are not due to syphilis may cause a tendency towards 
a positive reaction ; and it would bo highly inadvisable to stigmatise ns, 
syphilitic many patients who are not so infccte<l, even if a small number of 
syphilitics may bo missed in this way. Thus a/listinction is d^a^m between 
a stringent diagnostic positive reaction, which is roquirjxl in nn unknown case 
before one may say that there is serological evidence of syphilis, and a therapeutic 
pasitivo, which oven if weak is occcptnblo ns significant in a knowm cose of the 
disease and indicates the need for further treatment. This may be expressed 
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in another way by saying that for diagnosis the results are to be interprefcd 
clinically with a bias toward the negative, while for therapy the bins is toward 
the positive. 

A third desideratum of serological reactions is that progress in the effect? 
of anti-syphfiitic treatment of individual cases should be demonstrable by 
quantitative changes in the reaction tending toward negative. With the 
Wassermann reaction this is ascertained in one of two ways, either by showine 
that with consecutive specimens of a patient’s serum taken at intervals during 
treatment the amount of complement fixed has diminished progressively, or, 
where a single amount of complement is used in the test, by finding that pro- 
gressively larger amounts of the patient’s serum are required to fix this amount. 
We consider that the latter method is the less desirable, because inactivated 
human serum may exert either an adjuvant or an inhibitory effect on complement 
action, and the assessment of these influences is not easy when results with 
varying amounts of the patient’s serum are compared. Of course, both methods 


are affected by variations in deviability of different specimens of complement 
(Browming and Mackenzie, 1924), In flocculation tests such as the Sachs-Georgi 
reaction, varying amounts of serum are added to a fixed quantity of the 
antigen. A strongly positive reaction is stated to be one in which jjronotinced 
flocculation is produced by the serum even in the lower concentrations, while 
a weak re.sult is recorded when only the highest concentrations of .serum lead to 
marked flocculation, or when no more than incomplete flocculation results with 
these and lower concentrations. Thus positive sera differ in respect of the 
smallest amount of serum which produces flocculation and also in the complete- 
ness of the flocculation obtained within the range of amounts which floceulnte 
the antigen. Sometimes, also, a zone occurs within the usual range of amounts 
of serum used, both the highe.st and the lowest failing to cause flocculation 
or producing it only weakly, whereas the intermediate quantities floccukto 
strongly. Further, sera have been met with which did not llocculnto at nh 
in the usual range, but showed marked flocculation with smaller qiinnliticsi 
such sera fixed very large amounts of complement in the Wassermann reaction. 
Accordingly, any abridgement of the range of dilutions of senim (1 : 2 to 1 : ’ ) 
is undesirable. It is sometimes not clear -what quantitative .significance .snou i 
bo attached to readings in the flocculation test ; but, in general, where tholnrp^ 
amounts of serum produced only weak flocculation and there was no zone,^ 
reaction was considered to be weak or doubtful. In the case of the Memw -c 
clearing reaction as modified by Robertson and Colquhoun (1939), complete uf 
partial clearing with the largest amount of serum, together with '1*1 

or absence of clearing with the smaller amounts, was rend ns a weak or non 
result ; on the other hand, complete clearing with the smallest 
serum, but none or little with the larger amounts, was taken as n strong rear. 

In comparing different serological reactions for syphilis two other ^ 
must also be taken into account, which although of much practical im^ 
are of a purely technical nature, nnmelj' simplicity in procedure an<^ 
rending the results. The flocculation and clearing reactions, since tboj 
only tw'o reagents — the patient’s serum and a saline dilution of the an 
are .simpler than the Wassermann reaction, which demands also comp 
and sensitised red 'cell suspension, reagents capable of varying 
cannot be completely controlled. On the other hand, satisfactory \ 
antigens can be prepared -with great ease and regularity, whereas the 
of a satisfactory antigen for the flocculation reaction is difficult, 
far the clearing reaction requires careful standardising. According 
latter it may be advisable to rely on a centrally controlled supply- ^ 


* The M-R. antigen of Ford Robert.son and Colquhoun may bo 
West of Scotland Neuro-Psychiatrie Research Institute, 10 Slicilc> ’ 
W. 2. 
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tlio salino dilution of llio baclis Gootgi miligoii iiiuj vary in its stability iilion 
prepared from tlio aatno reagents on diflerent occasions , this factor has boon 
found to be quite uncontroUablo. 

Some forms of the flocculation reaction whicli can bo quickly carried out 
have been recommended as exclnsion ** tests, on the assumption that n 
scrum ubich reacts negatively m these will not jield a positive result with 
any other serological test, although positively reacting sera may include some 
from non sjqihihlic conditions. Since in diagnostic work gonerallj the propor 
tion of positive reactions ifl relatively emaU, time w ould bo sav ed by upplj ing 
a reliable occlusion teat ui the first place , then only those sera which yielded 
a positive or suggestive reaction would bo Bubmitled to a confirmatorj tost It 
will appear from our fmdmgs, however, tliat no single reaction is Iikclj to 
delect all syphilitic sera , therefore exclusion tests must be accepted w ith 
caution 

In the present work a comparison baa been made from tbo above points of 
View between («) the Waasormaim reaction (W R ) os carried out by one of 
us (IV. 13 K ) With heart cholesterol antigen according to the method dcscubcd 
by Browning (Browning and Mackenwo, 1924 , Snodgrass and I’etcrs, 1937) 
and used at the Western Infirmary for the past 25 joara,* (b) the modification 
of Moinitke’s “ clearing ” reaction {M U.) introilucod by Tord Robertson and 
Colquhoun (carried out by D. 13. C.),t end (c) Mackio and McCartney's (1942) 
modification of the flocculation reaction of Sachs and Goorgi (SG.R.) (carried 
out by L R ) ^ *' 

In recording the Wasseciniinn reaction it has boon customary m the past to 
return four grades of readings — “positive”, “ weak positive ”, “suspicious” 
and “ negative”. Tor the purjioso of this investigation weak positive and 
suspicious reactions liavo been combmcil m one group as “ doubtful ”, smeo 
this term defines precisely their serological aignificance m the absence of cUmuxl 
daio Ihe same convention has been adopted for the other tests “ Moderate ” 
and “strong” positive flocculation and clearing reactions Jiavo been lalven 
togotlicr ns “positive”. This division of results mto throe catogorjos— 
“positive”, “doubtful” und “ negative” — is felt to bo equally fair to all 
the inolhods of test. A discrepancy of ono grade, t.c. a. serum being rocordeil 
m positive in ono reaction and doubtful ui tmother when tested m parallel, or 
doubtful III ono and negative in tlio other, is considorod o« o “ minor ”, while a 
reading of negative ui ono and positive in another ts a “ major " discrepancy. 
Major discrcponcios— errors houig excluded — suggest some radical diiferento 
in tbo basis of the reactions Smeo the chiucal features, controlled m early 
uisos of syphilis by the finding of spirochicteB, must supply the essential 
foundation for judgment of the reactions, tlie material has been consulercti 
m three separate groups (i) voluntary blood donors, chiofly'^ women and pro 
suirmbly in average bcalth, who have offered Ihcmselvos und have been selected 
aflcr tlio iwual general medical examination , m tlioso the incidence of sypbihs 
might bo expected to be somewhat lower than in the general community* , 
(u) patients attending the V.D chmt, these being subdivided mto («) untreated 
C0S03, not netessarilj all syTihilitics, and (b) cases of Bypliihs undergoing treat* 
ment, and (in) patients from general liospital wards, ropresenlutg a fair 
piimpio of tbo population affected with moderate and severe illness, but largely 
exclusive of cases of acute specific mfections apart from tuberculosis of the 
lungs and pneumonia. 


* Ihe only chanj^o bus been that witbm recent yoaru, mcludiiur the oeriod nf t»,.« 
um^UgaUon, sheep red celb have U-en BabstnuU.Ar ox rjd m tKmoIyllc 

of 3 to V .8 uow uBod .mteod of 
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results on 8 occasions, the S.G.R. being positive in 9 of the former and 
none of the latter. The greatest number of discrepancies (153) consisted 
of the following minor differences : positive M.R. vdth doubtful W.H. 
and S.G.R. in 82, and negative W.R. vdth doubtful M.R. and S.G.H. 
in 71 ; a doubtful W.R. until positive M.R. and S.G.R. in 44, and n 
positive W.R. and M.R. until a doubtful S.G.R. in 29. The largo 
number (179) giving a doubtful W.R. among the discrepancies in thi-- 
series (16 per cent.) were interpreted as “therapeutic positives”, 
in accordance with the principle stated above. 

It is clear that the M.R. and to a less extent the S.G.R. are more 
persistent than the W.R. under treatment, although this is not 
invariably the case. Thus there is no constant parallelism between 
the strength of the tlu’ee reactions when sera from sypliilitic patients 
undergoing treatment are tested on repeated occasions. Observations 
made by one of us (W. B. K.) on the behaviour of protein fractions 
of the serum in the W.R. and S.G.R. suggest that at least a partial 
explanation of .the discrepancies is that constituents of individual 
sera may interfere with or augment each of the reactions to an unequal 
degree. 

General hospital rozitine group 

In a large proportion of cases entering general medical wards llie 
blood is submitted for the serological test as a routine ; these con- 
stitute the majority of the present series, but a much smaller number j 
coming from surgical wards were selected because of suspeefed ^ 
sypliilis. In contrast with the treated A^.D. series, anti-s^'phhhic 
treatment is not likely to have been administered recently to an} 
appreciable number of these patients. , 

Series I (902 cases). There was agi’eement in over 93 per ecu • 

Of the 56 discrepancies (6-2 per cent.), 9 (1 per cent.) were major, 
of these, 2 gave a positive W.R. unsupported by either of the ot er 
tw'o reactions, while a positive W.R., together with either a posi nc 
i\I.R. or S.G.R., the other being negative, occurred in 1 case cacu 
The largest group of minor discrepancies (12) consisted of a Jl 
W.R. with negative M.R. and S.G.R. and next a doubtful M.l • ‘ 

W.R. and S.G.R. negative in 11. 1 Mli 

Series II differed from the rest, since onlj' the W.R. fine 
were compared (table II.). In 4348 reactions (including tlie 
series I) 95-4 per cent, agz'eed ; this con’esponds closel} w > 
agreement of all three reactions in series I. Of the 200 dJ.«ci p 
only 19 (0-43 per cent.) were major, the AAGR. being 
and the M.R. in 8. Of the 181 minor discrepancies (4-2 per 
over a third (72) consisted of a doubtful Avith a 

about a quarter (47) were a negative W.R. with doubtful 3 . ’’ 

(35) were a doubtful W.R. with positive SLR., while under on 
(27) were a positive with doubtful M.R. . jj,jv 

In these routme hospital series, again, one form of renc i 
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be positive and the other negative in a small proportion ; ^ but, 
contrary to the findings jn the treated V.D. senes, there is no marked 
preponderance of positive results rvith the M.R. or S.G.R. over the 
W.R. Inquiry into the history and clinical condition in the eases 
presenting serological discrepancies in tliis group unfortunately 
yielded little information of value. In a small number of febrile 
patients in whom the W.R. was positive or doubtful, subsequent 
examinations of the serum after the pyre.xia had subsided gave 
negative results. In such oases the M.R. and S.G.R. were negative 
tlirougliont. 

' ' SUMMABY 

The W.R., M.R. ahd S.G.R., each in modified form, have been 
compared in three groups of cases : (i) voluntary blood donors in 
average health, (ii) patients attending a V.R. clinic and comprising 
(a) untreated oases and (6) cases of sj'philis undergoing treatment, and 
(iii) hospital patients in general medical and surgical wards. Results 
have been classified as “ positive ”, “ doubtful ” or “ negative ” ; 
discrepancies with the same specimen of serum where one test was 
positive and another negative are termed “ major ”, otherwise they 
are regarded as " minor ”. ’ 

In group (i) (blood donors) the results correspond in 99'3per cent, 
In group (iii) (general hospital patients) discrepancies amount to about 
0 per cent. (1 per cent, major), while in group (ii) (V.D. clinic) there are 
14-9 per cent, of discrepancies (2-9 per cent, major) among untreated 
cases and among treated syphilitics 39 per cent. (4-2 per cent, major). 
In a small number of pyrexial patients in group (iii) the W.R. was 
positive or doubtfui but became negative when the fever disappeared ; 
in such cases the M.R. and S.G.R. were negative throughout. In 
patients undergoing treatment for syphilis the M.R. and, to a less 
extent, the S.G.R. tend to persist in the positive state longer than 
the W.R. The preponderance of positive results in the M.R. or 
S.G.R. over the W.R. is much less pronounced in the other scries. 

It must bo emphasised that in all groups major discrepancies occur, 
i.e. one reaction is positive where one or both of the others arc 
negative, although thus is much more common in V.D. patients and 
particularly in treated sjqjhilitics than in any other group. Thus 
more complete information as to the presence of syphilis is obtained 
by carrying out two reactions simultaneously, especially the W.R. 
and one of the other two, particularly the M.R. The latter is reconi' 
mended for u.se in parallel with the W.R. becamso of the ease of its 
performance and of reading tho re.snlts. None of the three reactions 
singly can be relied on as an “ exclusion ” test. Accurate preliminary 
standardising of tho “ antigen ” reagent is essential for the JI.R. ; 
the preparation of one which is suitable for tho S.G.R. presents 
considerable difficulty ; that for the W.R. is simple to prepare 
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riio introduction of penicillin as a therapeutic agent and the consequent 
ilomaiifl for laboratory control of its administration has thro^^n an mcreasefl 
strain upon tlie laboratory Ihe following ‘ depth test” was therefore 
elaborated and hos been m use m this laboratory for over six months with 
satisfactory results The method lias been used for estimating the yield of 
penicillin m cultures of the moidd, for gauging its excretion in the urine of 
peniciUui treated cases and for checking tho luiitago pf penicillm used thera 
pouticallj It 13 not recomraonded as a method for estim itmg tho bacteriostatic 
level of sera 

For tho testa an agar of low nutritive quality is recommended The medium 
omplojed in this laboratoiy is tho pliosphate peptone Lemco agar elaborated 
b> &to\ens ami Pope (persoiml commiuiication) and employed b> them m tho 
ruig plate method foi tho assay of peniodlm It is prepared os follows 

Itjar medium 

10 g peptone (bvans) 

J g Loinco 
2 g sodium chlondo 

10 g sodium phosphate (NojUPO* ISHjO) 

Hie above constituents nro disfiolvwl in C(K> ml ol distilled water and placed 
in a Ly hndor w ith JO g of agar and tho volnmo made up to 2 litres w ibli 1 per cent 
sodium jihosplmto at pH 7 0 Tins is well mixed in a llask and tho pM adjusted 
to 7 0 if necessary Ihe medium is then autoclaved for Imlf an hour at 15 lb 
I»rcf-suro filtered irito bottles ui ni»]>roxunalcly 100 ml volumes, autoclaved for 
10 mills at 10 lb pressure and stored nt room temperature until required 

tlu-s bufferoti medium there appears to be no need to adjust tlie pH 
of material for tc^t, at anj rate over a range from about pH 4 0 to S 0 It is 
ndvi‘<ed however, that before bottling the medium for storage, tho strength 
of gel should bo nscertamed according to tho method of Jenkms (1921) and 
suitable dilution tamed out nt this stage if required 

I or convenience a bottle of agar is molted and narrow test tubes of about 
h mm interna! diameter— Unific heavj '>x7/IG m tubes are suitable— cich 
receive 1 7 ml of the inodmra Iho^o tubes are stored and when required a 
number aro mthtd coolotl to 45'* C and cacli soedod vnth one drop of a 
1 30U 000 dilution of a 24 hour broth ctiUuro of a jienicilhn sensitive staphjlo 
coocu« the oiilturc hav mg been standardised to mntcli no 1 of Browm’s scale 
JOtBS or MH — VOL. L\u 2.,7 „2 
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before dilution. Before being set upright in cold wiitor, the ngnr is run up tlio 
sides of the tubes to remove the condensation water and the contents of th' 
tubes thoroughlj'- mixed to give even distribution of the cocci. Tubes m 
prepared can be kept at 4° 0. for up to four days without detriment. 

^\'iien using the seeded tubes it is necassary to dilute the fluid under iji- 
vestigation so that the final concentration of penicillin will fall between Os') nnd 
2 emits per ml. ; with culture fluids and with urine, a range of dilutions of 
1 : 50, 1 : 100 and 1 : 200 in peptone water is sufficient for most purpcHCj; 
with penicillin solutions for therapeutic purposes further dilution will of course 
be necessary. A seeded tube is required for each dilution. On top of the nc.ir 
in the tube, 0-25 ml. of the dilution is pipetted. The tubes are then pInwJ 
upright in racks and incubated at 37° C. for 10-24 hours. 

Wren the tubes are taken from the incubator, the distance between the 
bottom of the agar meniscus nnd the uppermost colony visible to the nakei 
eye is measured in mm. Mfith the staphylococcus in iLse in this laboratory tlio 
depths of inhibition of growth in repeated tests with .Standard penicillin have 
been : — 2 units, 10 mm. ; 1-5 units, 9 mm. ; 1 unit, 7-5 mm. ; 0-5 unit, C min. 

It must be emphasised that the tubes should he incubated at once after 
the addition of the diluted penicillin ; if this is not done, tho balance between 
rate of growth of the staphylococcus and rate of diffusion of tho penicillin will 
be altered. This was shown experimentally by leaving tubes, preparcrl as 
stated, for 24 hours at 4° C. before incubation at 37° C. The depths obtained 
were : — 2 emits, 17 mm. ; 1-5 units, 16 mm. ; 1 unit, 13 mm. ; 0-5 unit, 12 mm. 

Narrow tubes are used for the test, and are well spaced in tho racks diirin; 
incubation so that they rapidly attain the temperature of tho incubator. If 
desii-ed, water-bath incubation can be substituted, but tho depth to which 
inliibition occurs must be cheeked by control tests using Standard penicillin, 
as the degree of inliibition is slightly less when water-bath incubation is used. 

^^^lile stress has been laid upon immediate incubation of the tubes, c-vpari- 
ments have shown that the volume of diluted penicillin added, tho stren^h of 
the agar used and the diameter of the tubes — always keeping tho size ef 
inoculum per ml. of medium constant — do not alter the readings obfoined 
to any extent. It is necessary, however, to perform a munber of tests usme 
Standard penicillin with the chosen staphylococcus so that a reliable base Him 
for unitage estimation can be obtained. The unitage of material under te:t i--. 
of course, obtained by multiplying the unitage of tho diluted material by m 
dilution factor, i.c. 60, 100 or 200 as the case may bo. The results arc of suflicic-s 
accuracy for most routine purposes. 

Summary 

A simple “ dcptli test ” method for tho assay of penicillin using an 
low nutritive quality is described. Fluids containing penicillin arc sui a 
diluted and an aliquot of cacli dilution run into tho tubes of agar, tho t cp' 
of inhibition obtained after incubation being the index of imitago. 

The author wishes to thank Drs Stevens and Pope of tlio " 
logical Research Laboratories for permission to publish tho details of i® ^ 
medium employed. 
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THE iNACrn^ATlON OF PENICTIXIN BY JJETABLTO TROX 
H. B. May 

Thn JlnU Clinxr/il Lnhoratory, the London Hospital 

In viow of tliQ danger of contammation of penicillin daring it^ manufacture 
by organi<?nis which are insensitive or only slightly sensitiv'e to its action, it 
is essential that samples of the dried powder should be tested for sterilitj'. 
In the first teat which was commercially used in this country, the powder was 
dissolved jn sterile distilled water to make a solution containing 1500 tmits 
per C.C., 2 c.o. of Ibis solution being placetl in 100 c.c. of papain digest broth 
for aerobic cultivation, and a similar quantity into a minced meat medium for 
anaerobic culture. The samples of broth were incubated for 28 days and 
examinorl at 6*day intervals for bacterial growth. At the end of 28 days they 
were tested to ensure that alt the pomcilHn had disappeared. Tliree more 
rapid methods have since been reported. Lawrence (1943) showed that 
penicillin could be inactivated by taka diastase, 2 c.c. of a 1 per cent, solution 
inactivating 2400 units of penicillin in 48 hoiirs. This was used as a basis for 
a 7-day sterility test employed by the Winthrop Co. Harper (1943) showed 
that a useful penicillinase could be extracted from some strains of Bact. coU 
and TJngar (1944) prepared a more constantly active penicillinase from n 
member of the aubtilis group of bacteria. When this organism was grown in 
papain digest broth for 3 daj's and the fluid Seitz-filtered, 1 c.c. of a dilution of 
1 : 250 of the culture fluid inactivated 50 units of penicillin in 4 hours, the 
quantity of penicillinase produced depending on the strength of tho surface 
polliole of tho original grovNlh. 

Tn an effort to produce a simpler and more constont method of innetiv^atlng 
penicillin, tho effect of metallic iron was investigated. 


Ejpcn'meHtfd 

The medium employed was a 0*2 per cent, sloppy agar containing 1 per cent, 
dextrose and 1 per cent. “ Bacto ” peptone ; it was tubed in 50 c.c. quantities 
and will supjiort tho growth of both aerobic and anaerobic organisms. Solutions 
of penicillin were used at a strength of 10,000 units per c.c., 1 c.c. being 
added to 50 c.c, of medium. Tho penicillin content of tho medium was tested 
each day dgninst tho Oxford H staphylococcus, using the agar cup method of 
l^leming (1942). — • * 

Metallic iron was added (a) as a metal strip, 25x3 mm., of “sheet iron ”, 
gauge no. 20, similar to the material used in tho anaerobic cultivation of 
organi'ims, (6) as I g. of “ turnings ” each 1 mm. in width and about 3 cm. in 
length, to provide a rather larger atirface oxpo'ietl to tho penicillin, and (c) ns 
1 g. of pure iron powder prepared by the rwluction of pure ferrous sulphate in 
an atmosphere of hydrogen. All the preparations of iron were sterilised by 
dry heat at 150’ C. for 1 hour. 


ItesuUs 

Tho inactivation of ponicillin was considerably nccoloratwl by thC presence 
of mctnllic iron, iron powrlor being more active than metallic turnings, ahicli 
in turn are more r.\pid in nction^than a metnllie strip. 
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The mean of five experiments is shoivn in the figure. One g. of iron powder 
regularly inactivated 10,000 units of penicillin in 3-4 clays, the medium nt tlic 
end of this interval readil 3 ' supporting the growth of the Oxford H ataphylococcm. 



Surrimor;/ 

1. A simple method of inactivating penioillin b.v means of metallic iron n 
described. 

2. The greater the surface of metallic iron exposed to penicillin, the more 
rapid is its action. 

3. One g. of iron powder will inactivate 10,000 units of penicillin in 4 < *>-• 
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THr ANTIGENICITY OF VACCINIA VIRU"? 

INACin'ATED WITH ALCOHOL 

DotroLAS McClpan 

7Vom Thr LiMer InsUhiir of Pre^eniiif Mtdinne, VhUe^, Herts 

No antigen with eatisfactory nnmunismg properties has been obtained from 
inactivated \aecmia virus Bland (1932) studied the relative immunising power 
of virus preparations inactivated by heat, phenol and formalin his paper 
contains an account of attempts by other workers to obtain a satisfactory 
antigen Bland’s results in the immunisation of rabbits and monkeys were 
verj disappointing but, when guinea pi^ wore used, the results were more 
encouraging In two of the three guinea pig o'tperimenta, however, two 
successive teats for immunity were employetl, tlio first with a weak dose of 
virus, the second with a stronger test dose , it may bo that the living virus 
iLsed in the first test, although it produced no obvious ICvSions contributed to 
the apparent partial immunity at the later test There was no definite evidence 
that the phenol or formalin inactivated virus was more effective than the 
heat treated antigen Parker and Rivers (193(1) made an extensive study of 
the immunising activity of purified elementary body suspensions of vaccinia 
inactiv nted by 0 3 per cent formaldehyde an<l of virus free extracts of vaccinia 
They found that humoral antibodies and a certain degree of resistance to 
infection, probably not enduring, could bo produced by repeated injections 
The production of precipitms and agglutinins did not parallel that of neutralising 
antibodies It appeared worth whilo to investigate the antigenicity of virus 
inactivated wnth ethyl alcohol If a satisfactory basal immunity could bo 
cstabhshoil with tlas ontigen, it might be use<l m conjunction with later 
vaccination with active virus to reduce the molatso and risk of encephalitis 
that follow primarv vaccination m older cluUlrcn and ndiilts It was decided 
to use rabbits rather than guinea pigs ns test animals, since tho\ can be readilv 
immunised with active virus and ehould show an adequate response to any 
antigen likely to bo effective in man 

Metftodt 

t 

Jnocbivifion of virti^ Preliminary observations were mado to determine 
the concentration of ethyl alcohol and of ocotono which would completely 
inactivate an elementary body suspension (ebs) of vaccinia The treatetl 
material was titrated both intracutaneously and by scarification on rabbits m 
parallel with the tmtreatod ebs In addition, 0 6 ml of each undiluted 
preparation was inoculated mtratesticulnrlv into another rabbit , this animal 
was killed on the Cth day, the testes were removetl, examined for macroscopic 
lesions, minced and extracted with an equal volume of saline The resuUmg 
extract was inoculated into a normal rabbit mtracutoneouslj and by scnrifica 
tion Completely negative results from the transcutaneous intracutaneoiis 
and intmtcslicular tests wero accepted os proof of macUvation of the vmis 
Our observations indicated that exposure for 3 hours at 14* C to both 70 and 
fiO j>er cent concentrations of either alcohol or acetone mactivated the virus 
but that S'! per cent of either solvent was ineffective It was decided to use 
50 per cent alcohol m our experiments and, after inactivation, to dilute the 
material to a final concentration of 25 per cent alcohol before mjection 

Preparatwji of elemenlari/ body stiepensioM In two preliminary experiments 
elenienturv body suspensions prepared by the methods tlLScnbotl by Henderson 



262 


D. McGLBAN 


and McGlean (1939) and dried from the frozen state were used. In the third 
experiment, in which it was decided to nse a verj' large dose of inactivated 
vims, successive preparations were made from vaccine pulp by differential 
centrifugation (Maefarlane and Salaman, 1938). These were inactivated with 
50 per cent, alcohol and maintained at 37° C, overnight in order to destroy ns 
many contaminating micro-organisms as possible ; they were stored at ~10°0. 
in 50 per cent, alcohol imtU sufficient material had been accumulated to permit 
a final tenfold concentration by centrifugation before injection. Centrifugation 
was continued for six hours in an angle centrifuge, after which the supernatant 
fluid was water-clear. Each preparation was titrated for vaeoinial potency 
before exposure to alcohol. All immimising injections were given subcutaneously 
in a final concentration of 25 per cent, alcohol. 

. Tests of im^nunity. During immunisation the rabbits were kept in a house 
a quarter of a mile from the vaccine lymph laboratories and animal houses 
and they were cared for by an attendant who had no contact with nnimBis 
infected with vaccinia. Tests for immunity were carried out by titration of 
untreated e.b.s. intraeutaneouslj' and of a standard vaccine lymph by scarifica- 
tion on each rabbit three weeks after the last immunising dose, in parallel mtli 
comparable titrations on normal rabbits. The apparent titre of active virns 
in both, the immunised and normal rabbits was recorded and the relative rate 
of evolution of the lesions noted. In addition the sera of the immunised rabbifs, 
obtained before the test for immunity, were examined for virus-neutraliaing 
potency in parallel with their pooled serum before immunisation and with a 
sample of hj'per-immime anti-vaccinial rabbit serum. 


Results 

Two preliminary experiments will be briefly summarised and the malts 
of a third presented in more detail. 

Experiment 1. Three rabbits received two doses of inactivated virus each 
equivalent to 50,000 minimal infecting doses (m.i.d.) at three weeks’ interval. 
In the tests for immimity the endpoint of virus activity was a tenfold dilution 
higher in the control than in the treated rabbits and the lesions evolved more 
rapidly in the treated animals. With a twofold dilution of normal rabbit seriim 
a standard lymph produced a confluent eruption at 10 "^, bnt with a siini ar 
dilution of sera from the treated animals confluent eruptions were not obtaine 
at a dilution of the virus higher than 10"*. ■ ^ 

Experiment 2, Tlrree rabbits received a single dose equivalent to I®®’ , 
m.i.d. of virus and another three received two similar doses at a three 
interval. Tests after a single dose revealed no significant immunity' 
out of three rabbits and the serum from six animals after a single dose s 
no significant virus -neutralising power. In two of the three rabbits tha 
received two immunising doses, test virus showed from a tenfold to a Juin 
fold decrease in titre as compared with normal rabbits. Moreover serum 
these rabbits now' caused a hrmdredfold reduction in apparent titre o m 

mixed with it. . . -c i third 

It was considered that these results, though inconclusive, justinei a 
experiment in which much larger immimising doses were used. _ . 

Experiment 3. A series of preparations was made from 
bj' differential centrifugation ; the least potent preparation produce 
after intracutaneous injection of 0*2 c.c. of or 10~® dlhition a 

scarification at dilutions from 10~* to 10~^ and some were a 
more potent. After treatment with alcohol the pooled prepare 
concentrated a further ten times by centrifugation and tested or 
logical sterility ; these tests revealed the presence of Gram-posi n ^ 
of diphtheroid type and some Gram-positive cocci. Two rabbi s e 
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5 ml of tlio concentrated propaiatioiw subcutoneouslj and observed for n 
fortnight did not develop an> obMOiis lesions In addition U\o rabbits received 
0 5 ml of each ’preparation mtratestioularly , when they were killed on the 
5th day no o\idence of orchitis was found and testicular extracts failed to 
produce lesions on intracutancous and scarification tests, nor nere organisms 
teen in stained films Tins elomenlary body suspension nos used for the 
immunisation experiment 

Six rabbits each received a subculoneoiis mjection of 10 ml of the con 
contrated preparation, followed three weeks later by a second dose of 14 ml 
each rabbit received a total inoculum of inactivated inatorial ecjuivalont 
to 1 2x10* minimal mfecting doses of virus About three weeks later the 
rabbits had developed apparentlj painless and freely movable abscesses 
varjing in diameter from 1 to 6 cm at the site of injection , when these were 
evacuated it was found fliat the caseous pus contained diphtheroid oi^anisms 
similar to those detected in the inoculum It was considorod that these slowlj 
developing abscesses were not likelj to have mterfered with the immunising 
activity of the preparations 

Three weelis after the second doso the six rabbits were tested for their 
immunitj, togetlicr with thico normal rabbits Uho results, sumniaiised in 
table I, mdicato that tho treated rabbits resisted from ten to a thousand minimal 


Uable I 

Titration by intriiLHluncous injection of an clcmcntan/ borly suspension and 
b j scarification of vaccine lymph in six treated and three normal rabbits 


lulni<.iitaiicoiH litre ufckimiitar} 1 wlr 
&u»[Ktuion 

b(arffi(atlofi hire cf IjTiipli 

Coiitiuuil 

Ic ious 

DhircU. 

r^imles 

Treated rabbit 1 19 ’ 

10 * 

10 * 

„ 2 10 ’ 


10 > 

„ .. J 10 • 

10 * 

10-» 

.. » 1 19 ’ 


10 > 

„ „ fi 10 ‘ 


10 » 

„ 0 10 > 

10 ' 

io-» 

J^ormul rabbit 1 10 * 

10 * 

1U-* 

.. M 2 10-» 



M 2 10 * 

10 « 

10 * 


Tho figures uidictito tho lutlo-ft dilution of tlio teat inutcriul which produced 
cliaractoriBtic vacciniol lesions 


infecting dosos of virus Moreover the lesioas that developed m the treated 
anunalfl wore generallj more h-emorrhngic on the second and third day than 
llioso in tho normal rabbits and were tending to dry up and fade by the fiftli 
do> when tho lesions m tho controls were maximal 

Pools of equal volumes of serum from each rabbit obtametl before and 
19 dajB after immunisation were tested for vnnis neutralisation, together with 
a samiilo of gljconnated “ hj porimmune ” scrum Tiieso tests were done m 
two waja by testuig a constant amount of vinis against rising dilutions of 
serum and iicc versa Poth methods gave similnr results and only tho former 
tjT>o of test IS illustrated m detail m table II It is evident that the serum 
fiom tho treated rabbits contamod some virus neutralising power but that this 
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In the first experiment six mice were painted at midday on the right flaek 
with 0-03 c.c. oi" 0-3 per cent, benzpyrene in acetone over an area of 2'5 x b5 cm. 
and similarly at midnight on the left flank : this was done on three successhe 
days and nights. The flanks were then painted thrice weekly for 20 weete 
with 1 per cent, croton oil in acetone. The lower panel in the figure gives the 
tumour yield and shows that about twice as many tumours resulted from tlie 
midnight paintings. 

In the second experiment a single painting of benzpyrene was used instead 
of three. The number of mice was increased to twenty-four, because the yield 
of tumoxn’s from single paintings is much less than from three. In half the 
mice the right flank was chosen for midnight painting, in the other lialf the left 
flank : further, in half the mice the midnight painting was first made, in the 
other half the midday. Lighting conditions were controlled by placing the 

I 



The graphs show tumour yield plotted against weeks after benzpyrene pam 

circles = midday, dots = midnight painting. The lower pnnel refers to ^ ^ 
first, the upper to the second experiment. The upper pnnel .sometimes s lOi 
decrease in the number of tumours, due to the well Imoavn occasional disappear 
of small warts. 


mice after midday painting for a few hours in the dark, so as to imi s o 
lighting conditions after midnight painting. No differences wore re era^^ 
these varied conditions. The results are shown in the upper pane o 
figure: at 20 weeks there were 47 tumours on the “midnight 
31 on the “ midday ”. 20 

In order to provide a more complete record, the number of 
weeks in each mouse is given as follows, the figures for the “ \ ^ jt : 

first. In the first experiment 16,9 : 8,1 : 4,3 : 2,1 : 1,0 : 0,0 : in a ’ _ , j . 

in the second experiment 6,3 : 6,2: 6,2: 5,2: 3,0: 3,2: 3,2: 2,0. > . 

1,0: 1,0: 1,0:— 1,1: 1,1: 1,1: 1,1 :— 0,4 : 3,6: 1,2 :— 0,0 : 0,0: . • 
in all, 47 and 31. . , ^ pajnb'n? 

The chance that there is no real difference between day and nig ^ , _;; 00 ; 
and that the observed figures are due to random sampling i‘' ^ juniour’ 
or if consideration he given only to whether there are more or 
’ on the “midnight” flanks (17 positive, 3 negative, 4 alike ant 
tumours) then the chance is about 1 ; 400. 



PINK EPITHELJVM OE OTSJ’IO BBEAbT 267 

III n llm-d experiment painting wltli croton oil Hvo (nncs in ton iln>s proccdetl 
ttio bingto pauitmg ivitli beinspsTone, smeo it waa founil that tins die! not distnrb 
tlio diiunal mitotic vnnation and it fatoure a large tumour jield bietorthelesb 
tlio number of tiimonra was small usmg 13 mice, there were only eight tumours 
on the “ midnight ” danhs and four on the ** midday ” 

These experiments are published in the hope that they will be repeated 
clseuhere The results are so ro\ olutionary that one is suspicious there tlieie is 
some factor overlooUed and not controlled I am a-woro of ono only, the 
temperature at %\hich the mice vere hept was colder at night than bj day If 
the results are conarmed then the specific cellular change must be restricted 
to so narrow a limit of tune and cell state that its elucidation xs greatly 
facibtated 
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ON no: epithelium of the cysxto breast 

ifVND THE STAINING OP ITS GRANULE^ 
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(PlATES XXXV AND XXX\H) 


lliQ text boolcs of pathologj and monj of the publications on the breast 
discuss the so called pale or pmk epithelium without so much as mcutionmg 
the granules present in manj of its colls Some ivnters refer to the occasional 
“ gronulantv ” of those cells but it is clear that this ambiguous term is being 
used to describe tho state of dispersion of tho c} lopJasm as seen m the stained 
section and does not alwajs 8ignif> tho presence of those clearly defined mtra 
cytoplasmic structures whicli we commonly call granules Actual granules 
arc described bj Schultz (1933) and ho illustrates these by coloured drawings 
as poorly dtfinoil, moderately eosinophilic bodies or ns well defined dark bluo 
granules as showm by the ferrocjanido reaction It seems probable that the 
apparent lack of interest in these granules may be traced to the difficulty of 
feho^^ing them up distinctly by any of tlio usual stains, and on tins point my 
own experience may bo worth telling Some years ago sections from a case 
of cystic disease of the breast showed with hxmalum and eosm tlie appearance 
of granularity m tho pale cells , further sections were then stained by haimalum 
and pJiloxm (phloMn 0 I g , phenol 2 g , 50 per cent ethanol 50 c c , glacial 
acetic 0 25 p c , 10 per cent calcium chlondo * I c c ), followed by differentiation 
with tartmzmo in ccllosoUe The granularity now revealed itself as sharply 
8taino<l granules present in great niirobor (figs 2 and 3) Since then, the samo 
method (I endruin 1939) lias been nppliod to otlier cases without ever agaui 
bringing about the sumo brilliant result Recently, liouever, a now staining 


• Hio ndditjon na originally Siuggested by Conn and Holmes (1028), of calcium 

chlondo to aqueous solutions of fioorcseem dyes inipfo\e 3 tlitir stamme power and 
ran mn\ iisoroto a solution that has lo»t its power ^ ^ 
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method has been tried which is easy to perform, seems to show more graniil*: 
than the test for iron, and has revealed, in all of twenty cases of cystic disea«? 
that wherever there is pale epithelium some of it contains granules. 


Method j 

"I’he method is a slight modification of that recently published by JIcLetcliie 
(1942-44), who showed that in staining the pituitary it was possible to obtain a 
strong colouration of the basophil granules by acid fuchsin if the section were 
first mordanted with iodine and then treated with alcoholic phosphotungstic 
acid before applying the fuchsin. This, so far as I know quite novel, procedure 
opens up interesting possibilities in the staining of granules in other sites. All 
the tissues used here were fixed in formol-sublimate solution (Lendnim, 1943) 
and put through to paraffin by the routine ethanol-chloroform method 
(Lendnnn, 1941). 

Stain with hsemalum for the usual time. 

Stain for 1-2 mins, in aqueous 1 per cent, fast green — ^FCF (Vector)— con. 
taining 0-5 per cent, glacial acetic. 

Rinse in water and immerse in Lugol’s iodine for 2 mins. 

Flush with 95 per cent, ethanol. 

Immerse in 2 per cent, phosphotungstic acid in .95 per cent, ethanol for 

2 mins. 

Rinse briefly in water. 

Stain in carbacid fuchsin (CAF) for 2-6 mins., controlling microscopically. 

Rinse briefly in water, dehydrate, clear and moimt. 

Preparation of GAP. Slelt 0-4 g. phenol, add 1 g. acid fuchsin (C.I. h'l,’) 
and mix. Dissolve when cool in 10 c.c. 95 per cent, ethanol and make up lo 
100 c.c. with starch-dextrin solution prepared as follows. Grind O'.'i g. stareli 
to a fine powder, then grind in 0*5 g. dextrin, add 100 c.c. water gradually ■"'itl’ 
grinding, heat the mixture to about 80° C. and, when cool again, filter on to 
the phenol sludge solution. 

Notes on method. The nuclear stain is removed in part by the .subsequent 
treatment with iodine, and if it is desired to retain stronger nuclear detail it i- 
advisable to stain with celestin blue prior to the haemalum (Lendnim an 
McFarlane, 1940). The green stain is also gradually removed by the iodine^ 
but stronger final green staining of the cj'toplasm ean be got by increasffls 
the original time of staining -with the fast green ; the time in iodine 
not be less than 2 minutes. The granules take up some of the ^een ' 
■with the subsequent fuchsin and are stained a blackish red that is very visi 
The fuchsin goes also, although more slowly, into the collagen and basem-n^ 
membranes. The carbacid fuchsin has been found to give 
staining than the usual acidified aqueous solution of acid fuchsin. Iho s a 
is used because it is reputed (and this has been roughly confirmed) m cn 
' lo-w concentrations to increase the solubility of inorganic salts, dextrin 
as French (1929) reported, its presence certainly improves the 
of elastica staining, and the phenol because it seems to have peculiar 
effects on some acid dyes ; a phenol eosin for example can, if jp. 

is used, be made to stain erythrocytes strongly and collagen har y 
This empirical recipe is worth the slight extra trouble of compounding. 


The origin of the pale epitheliwn 

There has for long been dispute about the origin of this 
the two main hj'potheses being that it is either a sweat gland 1032 : 

1933) or a secondary alteration of true mammary epithelium ( a" gjamined 
Geschiekter, 1943). Tissues from the skin of the axilla hove een 




Plate XXXV 


Fig. 1. — Case 1234/39. This shows the darkly stained granule masses, mainly at th“ 
free end of the cells. In places the basement membrane shows the serrfltrf 
appearance produced by a (partially) tangential cut of the basal so-called myo- 
epithelium. Ortho process. Stain H.FCF.CAF. Ilford 9. X 120, 

Fig. 2.' — Case 1234/39. Even with this lower contrast stain it is possible to recognbe 
the large.number of cells containing granules. The typical intracystio projections 
of the epithelium are well seen. Ortho process. Stain hremalum-phlosln-tartronne. 
Ilford 9, X 120. 

Flo, 3 . — Case 1234/36. The nature and disposition of the granules are well seen. la 
this field the granules are towards the free end but the characteristic cytoplnsimc 
cap is yisible in some of the cells. Ortho process- Stain hmmalum-phlonn- 
tartrazine, Ilford 9. X 315. 

Fig, 4. — Case 1234/39. The granule-containing cells are here low cuboidal in type end 
show granules throughout the cytoplasm. Ortho process. Stain H.FCF.C. 
Ilford 9. x360. 
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Plate XXXVI 


Pink ceix. c\stoma 


Fio 5 — Ca-^o 1234/^0 This shoiis 
the concentration of granules in 
the supnmicloar position, \\ith 
tho somewhat hjahno o\crljmg 
domed cap Ortho process Stain 
H FCF CAF Ilford 9 X 375 




Fio G — CnseH77 Those larger cells 
show well the discrete nature of 
tho granules Toward one end is 
seen the bulbous swollen type of 
cell that suggests an imminent 
ilisclmrgo of the granules Half 
tone pan Stain H FCF CAP. 
Ilford 2 and 4 x 376 


Fro 7— Cise 027/44 Here tho 
bulbous projection of certain cells 
IS associated with n relative 
absence of granules Ortho pro 
cc^s StninHIClCXF IlfordO 
x377 




Flo 8 —Case 12')4/30 Tho appear 
nncca hero siipKost n breakdoun of 
tlio anohen domed cap imd an ac 
eompan3ing Ij^.s of the pranuIcB 
No free (jranuhs ]mio been Been 
in anj specirncn Orllio prooeBa 
Stain HFCrCkh Ilford 2 and 
C X COO 
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by thiB new method and the findings certainly confirm the view 6j:pre85ed by 
Schultz that there is morphological identity between the cells of the apocrine 
glands in the awlla and the pale cpitheHum of the breast. Schultz ^ves 
coloured drawings (p. 38) of sections stained for fat and by the TumbuU blue 
method for iron» in which the apocrine glands are identical with his iUustrations, 
from siimlarly treated eectiona, of palo epithelium in the br^t (p. 91). My 
own obser\-ations include that of an area of apocrine-like glands found lying 
alongside typical Bobaceous glands in a dermoid cyst of ovary ; here also the 
new method gives a picture identical with that found in the breast and in the 
axillary apocrine glands. ‘ . 

General pathological principles suggest that the presence of clearly defined 
granules in an epithelial cell points to that cell’s being metabolically active in 
a specialised capacity* and certainly not in a state of morbidity or stage of 
degeneration. This view was accepted for the Paneth cells found by us in a 
papilloma of gall bladder (Kerr and Lendrum, 1936-30) ; but as Magnus later 
observed (1937), the islets of intestinal epithelium to be found in the gastric 
mucosa should be considered, in virtue of their relationship to chronio irritative 
changes and despite their content of Poneth cells, as being areas of metaplasia. 
The pathologist, Imowang how well defined can be the hyaline granules of renal 
tubular epithelium (Muir. 1041, fig. 411, p. 660) is not likely to forgot that the 
presence of granules may be a manifestation of reabsorptlon. But from the 
observations of others (Schultz) and my own (see figs.) there Boems little doubt 
that the granules in these breast cells are excretory, as indeed the Paneth cell 
granules are believed to be. If wo accept Magnus’s conclusions, which confirm 
the work of earlier German writers, it would seem not unreasonable to look 
on the occurrence of pate epithelium in the breast as being comparable to the 
occurrence of inteatinol islets in the chronically irritated gastric mucosa. Thus 
in the stomach there occur islets of intestinal mucosa which, by their reported 
association with chronio irritative change, are considered as a metaplasia rather 
than on example of heterotopia, even though their epithelium bos all the 
characters that we take to be indicative of the specialised nature of intestinal 
epithelium, namely goblet cells and the two granule-containing type3-*entoro* 
chromaffin and Paneth cells. Similarly in the breast the seat of chronic cystic 
disease, there is found an epithelium possessing all the appearances— cellular 
shapes, granule content and disposition of granules — wbi<^ we recognise as 
being those of the apeoialisod apocrUie aweot glands. May we then regard this 
change in mammary epithelium as a metaplasia J Such a type of metaplasia 
could be considered a miadirected regeneration, the epithelium of breast or 
stomach becoming dedifferentiated to the piimitive sweat gland or primitive 
alimentary typo, and in its subsequent regeneration acquiring the characteristics 
of another type of specialised epithelium which had originally developed from 
that primitive type. Thus gastric and intestinal epithelium both 'arise from 
primitive alimentary epithelium, and the rather more specialised gastric 
epithelium, if chronically irritated, may show misdirected regeneration to a fully 
formed Bmall-intcstmal tjpe ; while mammary epithelium and the epithelium 
of apocrine glan^ both arise from primitive sweat gland epithelium, and the 
rather more epecialisM mammary opithoUura may after dedifforentiation show 
misdirected regeneration to a fully formed apocrine type. 


Nummary 

A staining method is described which ahowa up distinctly the granules of the 
^•called pale or *' pink ” epithelium commonly found in cj-stic disease of the 
breast. The great similarity of this epithelium to that of apocrine sweat glands 
from the axilla and from a dermoid cj-st of ovary suggests a comparison with 
the islets of mtestinal epithelium found in gastric mucosa, and the occurrence 
iQvty. or wth.— tou tvn 
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of pale epithelium is put forward as a form of metaplasia due to misdirected 
regeneration. 

My thanks are due to Messrs W. Carson and W. Penny for their esrefal 
assistance in the preparation of slides and in the photography, and to the 
Rankin Fund for the cost of materials. 
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ON THE STAINING OF BASEMENT MEMBRANES 

A. C. Lendbtjm, W. Caeson and W, Penny 

The Department oj Pathology, The University 
and Western Infirmary, Glasgow 

(Plate XXXVH) 

By the xise of a method originally devised for the staining of 
(Lendrrun, 1946), it has been found possible to stain the basement mem 
of the renal glomerulus with a new precision. The first application ® 
method to the kidney gave a sharp and ^ecific delineation of the mem 
but subsequent attempts failed imtil it was realised that the first sectiom 
been afiSxed to the slides by Masson’s gelatin method (Mallory, 1938). 
then discovered that the essential manoeuvre for success was the rahiea 
the section, still in wax, to the effect of hot formalin vapour; 
if the wax section affixed to the slide be kept in a closed dish, ^ hours- 
is a layer of commercial formalin, at a temperature of 55-65° C, for abou * 
Staining is then carried out as detailed elsewhere (Lendrum). 

The photographs are from sections stained with hmmalum 
If stronger nuclear detail is wished, then celestin blue staining sno V 
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the hasraalum {op. cit .) ; this gives a general picture of the glomerular con- 
stituents which in clarity and definition is well above the average obtamable 
with Mallory’s method or the Masson types of modification. Pre-treatment with 
formalin vapour failed to improve the staining of the membranes by the orange 
and blue method (Dunn, 1934). The present method has the further advantoge 
over the orange and blue method that one can use a green screen for visual 
observation of the meinbranea ; the photomicrographa were focussed with a 
green screen and then taken on ortho process plates through an Ilford filter 9. 
Fig. 1 is from a fairly normal adult kidney (age 62), and fig. 2 from a fatal case 
of eclampsia gravidarum. The section from which the latter was taken shows 
clearly the thickening of the membrane, its occasional fibrillated state and the 
stiffly rounded lumina described by Baird and Dunn (1933). Fig. 3 shows 
the separation by oedema fluid of the basement membrane from the trabecula? 
of hepatic cells in an mdematous congested liver from a case of intracapillary 
glomerulonephritis. 

Summary 

A method originally devised for the staining of granules has been foimd to 
stain basement membranes with great clarity if the wax section is first treated 
with hot formalin vapour. 


Baird, D., and Dttnn, J. S. 

Dunn, J. S 

Lrndrum, a. C. ... 
Mallory, F. B, ... 
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SrOEROCYTES IN HEMOLYTIC DISEASES: A NEW 
INDEX OF SEVERITY AND PROGRESS 

Robert A. M. Case 

From the Department of Pathology, Univeraity of Birmingham, 
and the Royal Naval Phyaiologixxil Laboratory 

Siderocytes are erythrocytes containing fragments of non.ha?matin iron 
which is stainable by appropriate methods. The cells were so named and 
brought into prominence by GrCineberg (1941 c and 6) and were reported as 
occurring in. certain pothological conditions in man by Doniach, Grimeberg 
and Pearson (1943), Non.ha?inatia iron in erythrocytes had already been 
noted by Macallum (1895-95), Ehrlich and Lazarus (1898) and Prooscher and 
Arkush (1927-28), though little attention seems to have been paid to those find- 
ings. Recently the concept of the stderocyte os an ageing erythrocyte has 
been introduced independently hy Cose (1943. 1946) and Granick (1943) and 
normal levels in man were established in a series of 279 subjects bv Case- 
Ladan and Nutt (1945). ^ 

A now and delicate staining technique, using acc'dipyridyl and potassium 
thiocyanate, has also been elaborated (Cose, 1944-45), though in those studies 
some of the preparations were stained by the technique of Macallum (1895-96) 
or Nishimi^ (1910). Ffims must be fixed, stained and counted within three 
days of being made, or on artefact rise in slderocyto level occurs (A. Ireland 
personal communication). Increased accuracy for low counts and a saving 
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of time in high coimts may be obtained with the sampling method of Haldane 
(1945). 

A study of the physiological properties of the' siderocjrte (Case, 1943, 1945 ) 
showed that the siderotic granules are extruded, giving an increase of plasma 
iron, that the cell after extrusion of the granules is susceptible of phagoojtosis 
and that the onset of a high siderocsd® level is accompanied by the appearance 
of urinary siderotic granules as described by Rous (1918) in untreated pemicioTB 
anaemia and in hEemochromatoais. Siderocytes should therefore bo found in 
diseases characterised by a high rate of erythroojrte destruction and urinarj' 
siderotic granules should also make their appearance in association with a high 
sideroeyte level. The follo'wing studies show that such is indeed the case 
(table I) and suggest that the sideroeyte count can bo a sensitive and useful 
guide in assessing the severity and progress of haemolytic conditions. 

Table I 


Sideroeyte levels in health and in various haemolytic and other conditiom 



No. of cases examined 

Percentage of 
sidcrocjtes 

Normal ...... 

270 

0-6- 0-8 

Hypochromic microcytic anmmia 

60 

1 • 3 

Hmmochromatosis .... 

4 

3 • .7 

Bacterial toxtemiae .... 

3 

6 - 10 

Severe bums ...... 

5 

'6 *10 

Industrial solvent poisoning 

3 

9 . 10 

Untreated pernicious anmmia . 

3 

8 '■14 

Clinical lead poisoning .... 

4 

lU " 30 

Sickle-cell anuemia .... 

1 

40 

Acholuric jaundice ..... 

5 

20 -100 


Thus it is seen that .with the exception of hoemochromatosis, which is do» 
thought to be a haemolytic condition, the sideroeyte levels follow the seven } 
of the hEemolytic process reasonably closely. _ . , ^ 

Further information is obtained by follo'wing the day to day variation m 
sideroeyte level. Three cases are given in detail (table II). 


Table II 

The sideroeyte and reticulocyte response in three cases of 
pernicious anaemia under treatment with liver extract 


Day of 


E. W., female, aet. 50 



D. 

C., male, aet. 71 



therapy 

s 

E 

Hb 

BBC 

E/S 

HS 

s 


D 

RBC 



s 

Before 

13-0 

2*0 

58 

1-71 

m 

*f *f 

8-0 

20 

66 

2-3 

0*25 

+ + + 

m 

1 

12-0 

1*9 

56 

1*72 

0-16 

+ + 

7-8 

20 

66 

2-2 

0'25 

+ + 

O 

10-0 

2-0 


1-68 

0-2 


7-0 

2*1 

64 

2-3 

0-30 


11- 5 
10-0 

12- 0 
8-0 
6-5 
3-6 

1- 9 

2- 1 
1-9 
1-2 

3 

8-0 

2*2 

58 

1*50 

0-25 

+ + 

6*5 

2*3 

67 

2-2 

0-35 

+ + -t 

4 

6-5 

LS-O 

65 

1*49 

2*3 

+ -f 

6*0 

7*8 

52 

2-1 

1-3 

■4* "f* 

5 

6-8 

10-0 

66 

1*50 

1-7 


6-0 

70 

56 

2-2 

1*4 


6 

2-8 

18-0 

68 

2-2 

6-4 

+ + 

4-0 


42 

2-1 

2*5 



2-1 

12*0 

68 

2-4 

6-7 


3*6 

80 

68 

2-6 

2*2 

+ 

8 

2-0 

18-0 

70 

2-8 

9-0 


2*5 

100 

63 

2-8 

4*0 

tr. 

9 

1-9 

18-0 

69 

2-8 

9-4 


1-3 

15*0 

64 

8*1 

11-5 

tr. 

10 

1-6 

10-0 

70 

3*0 

6-2 

+ 

1-2 

15-0 

07 

3-1 

12-2 

— 

11 

1-0 

20-0 

68 

3-0 

20-0 

tr. 

... 

... 


... 

... 


12 

1-0 

10*0 

m 

3-0 


tr. 


... 

... 

... 


... 


E. E., nui'ei *'*" 


E Hb 


2-0 
2'0 
2-1 
20 
2-0 
12'0 
9 0 
18-0 
12 ’0 
20 0 
10-0 
20-0 
20-0 


EBCi B 


Oil 

0-15 

0-13 

O-Ii 

0 - 5 

1- 0 
1-1 
!■« 
S-3 

I”? 

IS 

10 : 
10-: 


S = Blderocytcs jicr cent. 

Hb. 100 per cent. >= 14'8 g. per 100 g. 

E/S *ai hcemodynamlc index. US ■=* urinary 

Therapy : i ml. Ever extract Intramnscnlarly on alternate day*. 


E “ reticulocytes per i 
E.B.C. per million, 
us = urinary fldcrosls. 
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The first reaction to liver extract therapy, occurring well before the 
reticulocyte response, is m the siderooyte level, whilst the reticulocyte siderocyte 
ratio, or, os suggested to me by Gruneberg, ** hiemodynamio mdex ”, which 
normally hes between 2 and 5, is at first low and then becomes high It ts 
suggested that such an index might be of use m following the progress of 
hiemolytio processes. The urmary eiderosia becomes less marked as the 
sideroc 5 rte level falls 

Phenylhydrazine, m both the normal subject and m polycythsemia \era, 
increases the siderooyte count m a manner directly proportional to the fall m 
the erythrocyte count and also causes the appearance of urmary siderotic 
granules. Splenectomy, m the one case of ncholuno jaundice followed, caused 
a fall of both siderocytes and reticulocjdes to normal levels, whilst a marked 
improvement m the clmical condition took place. Benzene, tnchlorethyleite 
(commercial) and lead all cause siderocytosis. 

Thus it would appear that the siderocyte level may be of use as a diagnostic 
and prognostic guide m clinical medicme, and the hscmodynamio mdex " 
might be a convement method of correlatmg this level with the reticulocyte level. 

In pernicious aniemia the siderocytes are not stamable with prussian blue 
unless unmasked by the Nishimura techmque, and as yet no i^ormation is 
a\ailablo as to the efficiency of the aa'dipyndyl thiocyanate technique m this 
disease 

It IS a pleasure to acknowledge my mdebtedness to Mr C. Lees, llr A. Ireland 
and Mias V. Lodon for thour careful work m the preparation and exammation 
of matenal, ond I am grateful to tho honorary staff of the Bimungham tJmted 
Hospital for allowmg mo to study the cbmcol matenal. 
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Imixiu&O'CataljrsIs 

By M G Se^aq 194G Springfield DI and Baltimore, Md Charles 
C Thomas (Distributors m the British Isles, BailliSro, Tindall and Cox ) 
Pp XV and 272 S4 60 (253 ) 

Isv spite qC tlio iTcipceaaiQtv of permanence which the appearance and 
price of this book convey it is to be regarded as essentially an essay The 
thesis which it presents la briefly that antigens act catal5dically m evoking 
antibody response No rigid proof la attempted, but a moss of biochemical, 
biophysical and immunological data not ordinarily found in a single volume 
IS set out and interwoven with the aim of establishing a close analogy between 
antigens and ohemical catalysts Enzymes, havmg tho specificity of the 
antigen while behaving stoichiometncally according to tho laws of catalysis, 
are invoked as the essential Imk to bridge the gap between tho two Since 
they act m the test tube as well as in tho organism they help one to swallow 
a most indigestible feature of the analogy, namely the projectmg of a strict 
physical law on to a peculiarly vital process 

The analogy is not new but it is presented m a settmg of recent dis 
covenes It is usrually plausible and sometimes striking but leaves the 
reviewer with a sense of energy misspent, since little that is of practical 
value emerges It may be useful as a skeleton on which to hang a moss of 
biological and chemical data, but it fails notably to conjure up to the 
mvnd new and exciting expetimenta and tins aeetna to the teviewet a mote 
important test of on analogy than its ability to regiment data 

Some of tho information is unfortunately presented with a lack of 
critical insight For instance, m empliosismg an identity of fundamental 
molecular structure m normal and immune globulins of the same serum 
on altogether execrated sensitivity is attributed to sedimentation and 
electrophoretic criteria of mdividualily This leads often to deductions 
which a conservative mmd is not willmg to accept , for example, that since 
antibodies and normal globulins are practically indistinguishable the 
synthetic process for both is the same 

Tins IS a book for the specialist by whom it will be read criticallj The 
reoder who is not familiar with recent immimologj- and protein chemistry 
Will find it tedious and confusing 

Hoot disease lungi 

Bj S D GAnnETT 1944 Waltham Mass , Tlio Chronica Botanica Co 
London , William Dawson d. Sons, Ltd Pp xu and 177 , 9 text fijrs and 
1 plate $4 60 

It was not imtil tho middle of tho 19th century thot certain fungi nero 
recognised to be tlio cause ond not tho result of disease, and for many years 
after this tho attention of mycologists was doxoted almost exclusixolv to 
tho ictiologj of fungus diseases and to methods of killing or controUmg the 
parositos by direct means Since tho beginning of this century, howexor, 
the emphasis has gradually been shifting , more and more attention has 
been giXTin to tho all important effects of sod and weatfier conditions on 
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in 101448, in the advance of patiiological knowledge in several directions 
The antVioTS have endeavoured to include the BoUent points of this newer 
knowledge, especially in respect of the crush syndrome, hepatitis, shock, 
wounds and infections, and the problems arising from blood incompatibility. 
The text os a whole bos been reviewed and partly rewritten, and now 
chapteie have been added. In alh the text has been expanded by some 
20 pages. 

This well written and beautifully illustrated text*book has proved to 
be, as we had expected, deservedly popular with students and is likely to 
remain so in its now edition. It has a distinct pull over otlier presont^ay 
manuals of pathology in that it deals very fully with the bacteriological 
and immunological aspects of infective di^ases. The chapter on diseases 
duo to animal parasites (31 pages) is a \woful and welcome addition. It 
includes short but pithy accounts of malaria and the principal worm and 
fluke infestations of man. The drawing of the scolex of Tccnio sagxnata 
(in fig. 303), however, looks like a slightly enlarged scolex of T. solium 
with the roatellum and its booklets amputated, wliilo tlie scolex of T. solium 
alongside is shown with only a single row of hookleta. 

There are still a few subjects, not perhaps of major importance, which 
we tiu’nk might well receive notice in future editions — adamantinoma, 
argontafHne tumours, benign calcified epithelioma, chordoma, mucocele 
of the appendix os a cause of pseudomyxoma peritonei, melanosis coli and 
pancreatic islet tumours. Most of these conditiona are not rare and some 
aro of considerable practical importance. Wo think their inclusion would 
still further enhance the merits of this highly meritorious work. 


A text-book ot surgical pathology 

By C. F. W. iLLiNawonTH and B. M. Dios. Fifth edition, 1946. London ? 
J. & A. ClmrchilU Pp. viii and 728 ; 300 text fi^. 42s. 

Apart from a preVitrunory outburst against the writing of surgical 
pathologies, and a few constructive criticisms of succeeding editions, wo 
liavo liad nothing but good to say of this now weil established manu^. 

“ In this now edition o number of olterations and additions have been 
mode witiiout adding to the size of the voiume, Tl^e sections on surgical 
shock and bums liave been rewritten and incorporated in a new chapter 
imder the title of Constitutional Effecta of Injury. Tlie section dealing 
with anaerobic woimd infections has been revised to bring it into lino with 
the experiences gained in the present war. A number of new eubjocts 
have been included, chief of wliich are the cnish ejTidrome, sarcoidosis of 
Bocck, solitary plasmacytoma of bone, adenolymphoma of the eolivory 
glands, nrgontaffino tumours of the intestine, and interstitial-cell tumour 
of the testis ". Tlius the authors, in their preface to the fifth edition. 
It only remains to say that these odditions to the text are as thoroughly 
trustwortijy as tlie rest of tlio book, which remains an admirable guide 
to the pathology of diseases commonly classified os " stirgical 


Handbook ol practical bacteriology 


S?- and J. E. McCartwev. Seventh edition, 1946. 

Eduiburgh : E. and S. Livingstone. Pp. %’iii and 720. 17 b . 6d. 


In fho latest edition of this nscfnl little book now material boa been for 
: incorporated in the oppenilii, which now consists of 43 paces 

instead of the 7 of the sixth edition. Hiis increase, with a few extra pages 
in the virus section, accounts for the overall increaso of 44 pages in length. 
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Througliout the greater part of the book there are few alterations, but soms 
small additions have been made to bring the material up to date, as in 
the improved section on the diagnosis of diphtheria (p. 386) and on the 
phage typing of Bad. paratyphosum B (p. 435), the rickettsial agglutination 
test in the diagnosis of typhus fever (p. 664), the relationsliip of psittacosis 
virus to others of the group (p. 629) and at3rpical pneumonia (p. 635). 

The new matter in the appendix includes sections on penicillin, fluores- 
cence microscopy, the cultivation of anaerobes and the bacteriology of 
infected wounds, and a description of newer technical methods and media. 
The quality of the paper is not quite as good as in the previous edition. 

Studies on immunisation : second series 

By Sir Almhoth E. Weight. London : William Heinemann (Medical 
Books) Ltd. Pp, vii and 256 ; 17 text figs, and 1 plate (6 figs.) in colour. 253. 

This volimae, like its predecessor, serves up old material in elegant form. 
Among the subjects described are the value of prophylactic inoculation 
against pneumonia, the pathology and treatment of tuberculosis and a 
critical discussion on theories of immunity. Some of the nine articles and 
four appendices were written more than thirty years ago. As before, 
tables and figures fill pages of valuable paper when single sentences would 
often suffice. 



PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

23rd and March 1946 

The fibcty-eighth meeting of the Society was held in the Department of Pathology, 
St Thomas’s Hospital Medical School, London, S.E. 1, on Friday ojid 
Saturday, 23rd and 24th March 1946. 

Communications and demonstrations 
Those marked vdth on asterisk are abstracted below 


J. G. Thomson. Death from bronchial asthma with asthmatic reaction in an 
ovarian teratoma. 

J. W. Allen, G. R. Cameron, R. F. G. Coles and J. P. Rutland. The effects 
of opplying pressure to experimental thermal bums. 

Dorothy S. Russell and J. Pennybocker. Irradiation necrosis of the 
human brain. 

B. F. OoiLviE. Growth in relation to the diabetogenic and pancreotropio 
actions of anterior pituitary extract. 

L. Hoyle and J. W, Orr. The histogenesis of experimental pneumonia in mice. 

D. M. PRYCE. Abnormal arteries in the causation of diaphragmatic hernia. 

B. A. M. Case. (1) Siderocytes in hicraolytic conditions. A new index of' 
seventy and progress. (2) An analysis of punctate basophil levels and 
aiderocyte levels in lead workers and in lead poisoning. 

*G. PorJis. Absorption of cholesterol from a watery suspension and its eSbct 
on plasma lipids. 

*E, J. liiiNO, Hanoy Rogers and Maroahet GiminasT. Experiments with 
right and left quartz, and attempts to prevent silicosis with aluminium. 

A. Glucksmann, The histogenesis of benzpyrene-induced epidermal tumours 
in the mouse. 

R. J, Ludtord. Colchicine in the experimental chemotherapy of cancer. 

L. Dmochowsez. Induction of breast cancer in mice by the mammary tumour 
agent. 

*E. M. Brieoer. Observations on tho species pathogenicity of the tubercle 
bacillus in intTa-nmniotio infection. 

R. J. V. PuLVERTAFT. Liescgang rings in blood-agar shake cultures. 

L. P. Garrod. Penicillin sensitivity tests. 

K. E, Cooper and D. Woodman. Tho diffusion of antiseptics through agar gels. 

D. G. Evans. The treatment with antitoxin of experimental gas gangrene in 
guinea-pigs. ' 

G. S. Wilson ond J. D. Atkinsok. Typing of staphylococci by tha baotorio- 
phage method. 

B. E. 0. WiLUAiis. Further observotions on the carriage of Slaph. aureufi 
in man. 

J. H. Dible. The peripheral arteries in a cose of symmetrical gangrene of tho 
extremities. 


E. M. Brieoer, H. B. Fell and C. Robinow. Warm-stage and cytological 
obsm'Ations on the early development of the avian tubercle bacillus 
B. E. O. Biluams and G. J. Haepeb. A ebeop-blood agar plate for tha 
demonstration of staphylococcal et-haanolysin. 
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*L. J . Edwaeds. Two cases of atypical amyloidosis. 

E. J. JSjnq and Mabgaeet Gilchrist. Field methods for mopacrino. 

D. M. Pryoe. Four cases of intralobular sequestrated lung. 

Emmy TCl iekeberqer-E'obel. Spore formation in bactena and actinomycct^s, 

J. N. J. Hartley and J. S. Fatjlds. (1) Multiple carcinoid tumours of tho 
small intestine in siblings. (2) Calcification of lung in a case of diffusa 
plasmacytoma of the spine. 

Ian Rannie. Focal pituitary necrosis unrelated to pregnancy. 

R. M. Haines. Pancreatic islet-cell tumour. 

L. R. WoODHOUSE Price. (1) Sarcoma of prostate. (2) Endosteal fibrosarcoma. 
(3) Xeroderma pigmentosum. (4) Periosteal chondrosarcoma. (6) Malignant 
synovioma of knee joint with xanthomatous reaction. (6) Adenolymphoma 
of parotid. 

P. Britce White. A method for the assay of penicillin. 


Abstracts 


6 i 2 . 322 . 73 : 547.922 

ABSORPTION OF CHOLESTEROL FROM A WATERY 
SUSPENSION AND ITS EFFECTS ON PLASMA LIPIDS 


G. PobjAk, Beit Memorial Fellow for Medical Research 

Department of Pathology, St Thomas's Hospital Medical School, London 

That cholesterol is not absorbed to any appreciable extent from the 
alimentary tract unless it is administered dissolved in fats is true only for 
crystalline cholesterol. Domdsi and Egyed (1939) showed that amorphous 
cholesterol suspended in water is readily absorbed from the alimentary trad 
of rabbits. When crystalline cholesterol dissolved in hot glacial acetic acid i» 
poured into a largo volume of cold water, it is precipitated in an amorphous 
form. The acid can be removed by repeated washing with water on a filler 
paper. The findings of Domosi and Egyed were confirmed. The absorption 0 
cholesterol is a delayed process, the earliest changes in the plasma lipids 0 
rabbits being only observable 24 hours after the administration of 1 ?• ® 
cholesterol. After prolonged cholesterol feeding very liigh degrees 
lipmmia were found, the total plasma cholesterol values having reached 
3000 mg./lOO ml. The ratio, ester/free cholesterol, is usually but no cot 
sistently increased. Together with the rise in plasma cholesterol values 
was a rise in non-phospholipid fatty acids and in phospholipids os well, 
foimd that the plasma-free cholesterol values, normal and pathologies 
a quantitative relationship to non-phospholipid fatty acids on the ono ^ 
and to phospholipid values on the other. The former relationship 
expressed by the equation y — 11.508a:®'’'**, and the latter by ^ 
y = 14 . 431 a:®.®'® with an error of ±10 per cent, {x = mg. of free e 0 ^ 
and y = mg. of non-phospholipid fatty acids, or phospholipids per 
of plasma). The equations are applicable also to species other than e 

including man. i~,terol in 

It is concluded from the data obtained that the level of freo c 10 
the blood plasma regulates fat metabolism by determining the rate of mo 1 
of fatty acids from the depots and the rate of phospholipid synthesis. 

REFERENCE 

Domosi, P., ANTI Egyed, M. . . . 1939. Magy.Orv. Areh.,A,^^‘- 
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6l6 - 24 — 003 . 656 . 6 ; 546 . 621 
ATTESIPTS TO PBEVENT SILICOSIS WITH ALUJIINnBI 

E. J. King, Nancy Rogers and Margaret Gilchrist 
. British Postgraduate Medical School 

Following on the unsuccessful attempts of Belt and King (1943) to prevent 
experimental silicosis with metallic aluminium, we obtained a specimen of 
specially prepared aluminium dust from the Canadian workers (Denny, Robson 
and Irwin, 1039 ; Crombie, Blalsdell and MaoPherson, 1944). This was 
intimately mixed with finely ground Brazilian quartz (obtained by courtesy of 
Dr E. L. Middleton) by the special technique described for ua by Dr D. A, Irwin. 

Four hundred mg. doses of the mixture (98 per cent, quartz, 2 per cent, 
aluminium) suspended in 4 ml, of saline, were introduced into the lungs of 12 
imanajsthotised rabbits through a soft rubber catheter inserted into the trachea 
as far os the bifurcation. Six control rabbits received quartz without the 
aluminium. Both groups of animals tolerated the dose well ; they were killed 
(or died) at monthly intervals up to 1 year and the lungs examined. 

Results ioiih quartz. The changes produced in the lungs were characteristic 
of the experimental silicotic lesion. They consisted of intra-alveolar nodular 
foci of macrophages containing quartz crystals (koniophages). The older lesions 
showed well developed hyaline change, with reticulin h5q)erplasia advancing in 
many areas to a reticulin fibrosis and some collagen formation (of. Belt and 
King, 1945). A number of the foci contained foreign-body giant cells indicating 
that some of the particles were too large to bo dealt with by macrophages. 

Results with quartz plus aluminium. Silicosis was not prevented, although 
the lesions were less advanced than in the lungs of the quartz onimals. The 
lesions were similar to those of the controls, but the sections cut from the 
bloe^ ^ contaiiung the most aurine-positive material (t.e. containing most 
aluminium) showed a greater tendency to confluence and a lesser tendency to 
hyaline change with reticulin fibrosis. Collagen formation was less marked 
than in the controls. These changes were, however, slight, and possibly 
without significance. 

In all sections, auiino-staining material was exceedingly scarce. Evidently 
the 2 per cent, of aluminium in the original mixture had been greatly reduced 
by the time the animals were killed. Absorption of the alumiaium had obviously 
b^n preferential, since large patches of the crystalline quartz wore clearly 
visible in the incinerated sections. 

It appears probable that if experimental silicosis is to be prevented in 
ommala treated with powdered quartz by the Kettle intra-tracheal technique, 
much more than 2 per cent, of aluminium must be intimately mixed witli the 
quartz or the aluminium in the lungs must bo repeatedly renewed. Experiments 
directed to these ends are in progress. 

Our thanks are due to the Medical Research Council for an expenses grant 
from which part of the cost of this investigation was defrayed. 
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6i8 . 346—002 . 5 : 576 . 8 . 09s . 57 

OBSERVATIONS ON THE SPECIES PATHOGENICITY OF 
THE TUBERCLE BACILLUS IN INTRA-ASINIOTIC INFECTION 

E. M, Bkeeger 

From Papworth Village Settlement 

The mode of reproduction of avian and human tubercle bacilli was studied 
after each had been injected into the amniotio fluid of chick and guinea-pig 
embryos, the ptupose being to study the behaviour of the bacilli in the organism 
of susceptible and resistant hosts. It was shown that the guinea-pig was most 
susceptible to this kind of infection by human tubercle bacilli while the avian 
produced neither microscopical nor macroscopical evidence of lesions. In the 
chick embryo the avian bacilli produced extensive lesions in the chorio-allantojc 
membrane, with foci also in the tissues of the embryo, while human bacilli 
only produced a few small foci in the chorio-allantoic membrane. Intra- 
amniotic injection of the guinea-pig with human bacilli and of the chick embyo 
with avian bacilli was therefore considered the suitable method of demonstrating 
the response of a susceptible host to infection, while intra-amniotic injection 
of the guinea-pig with avian bacilli and of the chick embryo with the human 
strain was used to show the response of a resistant host. In these experiment! 
50 fertile eggs were injected with human and avian bacilli respectively, while 
the guinea-pig experiments were carried out on 4 pregnant guinea-pigs, - 
being injected with avian and 2 with human bacilli. The following resuIU 
were obtained. 

Amniotic fluid withdrawn 3-6 days after inoculation (the ombrj’o being 
stUl alive) contained only a small number of tubercle bacilli — there 
sign of marked multiplication. If drops of the infected fluid were transfe 
to Loewenstein’s medium at this stage, colonies appeared in the normal une, 
irrespective of whether the fluid was that of a susceptible or resistant 
showing that the viability of the bacilli was not impaired. Avion 8 n 
recovered from the amniotic fluid of guinea-pigs, however, had complete y 
their pathogenicity. _ , 

If after withdrawal the amniotic fluid was incubated in vitro, naultip 
began, but was very different in fluid from susceptible and non-suscep 
animals. In fluid from a susceptible host growth started immedia c J 
proceeded quickly, the bacilli developing as in embryo extracts. ' j|.^ 

demonstrated at the meeting of the Society by Brieger, Fell and Robinow.) ^ 

fluid from non-susceptible hosts, on the other hand, growth started s 
mained poor and was greatly modified as compared with the normal dov e 
A characteristic feature of the preparations obtained after 
was the presence of peculiar bodies in the amniotio fluid of suscop i 
non-susceptible hosts alike, and in both chick and guinea-pig ^ jj, (y, 
bodies were notably predominant over the bacillary rods. They sec 
organised structures which imderwent developmental changes an 
at the time of withdrawal of a msiss of granules intermingled on"'! 

shaped bacilli. The amorphous background stained dark blue wi 1 
pinkish violet with Giemsa. . must rcma^'* 

The nature of these structures is still obscure and the ques jjui,) h 

open whether the bacilli which develop when the infected ain 
withdrawn and incubated in vitro are derived from the bac: i o tk? 

or from the granular material described above. The pauci Y ® . j,i,undiir-(^ 
amniotic fluid immediately after its withdrawal and the purtb^' 

of the granular material just described suggest the latter possi 
work is in progress. 
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6l6 — 003 . 821 

TWO CASES OF ATYPICAL AMYLOEDOSIS 
J. L. Edwaups 

From the County Laboratory, Stafford 
Case I 

Amyloid deposits tn tongue, cervical lymph nodes and peritoneum : 
giant cell reaction to amyloid material 

OI^moal history (Dr J» M. CowAn). Femftlo, aet. 68, roamed, hod been 
under treatment for severe rheumatoid artliritis and anaemia which did not- 
respond to iron or hver. Masses resembling facoUths were palpated m the 
abdomen A barium enema disclosed no bowel defect No complamt of tongue. 
Vonutmg and obdominal pam appeared and tho patient began to look lU. She 
now complained of tenderness of the tongue but there was no complamt of 
its size On exammation several hard white plaques were seen on the tongue. 
Liver and spleen not enlarged. No history of suppuration Sedimentation 
rate alwaja rapid. Diarrhoea was now present and the patient died from, 
exhaustion 

Poat^wiortern Jltulmga (24 hours after death) Tongue as described above. 
Fixed bilateral masses, about 1 Xi inch m diameter, were present m tho sub* 
maxillary region Liver, spleen and kidneys appeared normal There was- 
no ov idence of suppuration, prolonged or otherwise The bowel appeared normal. 
Tho anterior parietal peritoneum exliibitod uniformly distributed roughly 
spherical masses ^ I inch m diameter. 

Histology Amyloid deposits with irregular stainmg reactions to Congo red 
and lodme ore present m the tongue and subroaxiUarj' lymph nodes and m the 
peritoneal “ tumours ”, Most of tho deposiU stain with Mallory and methyl 
violet Foreign body giant cells, apparently mgestmg amyloid material, ore 
present, especially m the submaxiUary lymph glands 

Commentary. The distribution of tho amyloid deposits and their staining 
reactions are very much as described, for example, by Barnard ct nl. (1938), 
Giant coll reaction to amjloid material has been described by Beimann et aL 
(1035) and described and illustrated by Wohlwill (1942). 


Case II 

Amyloid deposit in ureter causing hydronephrosis 

Glinieal history (Mr L. E Jones). Male, aet 35, complamed of right renal 
cohe Tliroo attacks accompanied by hiemnturia occurred during one year 
There were no other symptoms He hod contracted malaria while on service 
abroad A sister had nepluvetomy for tuberculosis eight jears ago The 
patient is well built and of healthy appearance, with a tendency to ob« 3 ity. 
Tongue normal, no swellmgs palpable m bead, nock or abdomen Hoctal 
exammation negative. Wassermann negative Blood pressure 130/70. 

XJrxne, Specific gravity 1018. Trace of albumm. No reducing substance 
or acetone b^iea A few polymorph leucocytes and many red cells present , 
no casts On culture, B. proteua and S. colt isolated. 

Blood urea 54 mg, per 100 cc Uroselectan revealed good excretion on 
both sides There w as early right hj dronephrosis, with dislocation of tho upper 
end of tho ureter opposite L 3. A funnel shaped constriction of tho ureter was. 
Msiblo Cj’stoscopic examination revealed notlung abnormal. 
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Urea clearance teat 


Time 

Amount of urine received 

Specific gravity 

Urea (per rest.) j 

9.0 a.m. 

56 o.c. 

1025 

2-4 

10.0 „ 

62 ,. 

1024 

2-4 

11.0 „ 

74 „ 

1021 

2-5 

12.0 noon 

80 ., 

1024 

2-5 


Operation (Mr Jones). The right kidney was exposed and felt normal. 
About the brim of the pelvis the ureter was thickened and the thickening ran 
down irregularly to one inch above its entrance into the bladder, Tho kidney 
and diseased ureter were removed, the patient making an uneventful recovery. 
The kidney appeared normal to the naked eye, but the ureter was thickened 
and hard. On section its wall appeared translucent and grey, with a faint 
yelloyv tinge. 

Histology. Hyaline deposits, some of which stain pink with motliyl violet, 
are seen in the ureteric wall immediately subjacent to the epithelium and nho 
in part replacing the muscle. A few plasma cells, polymorphs and collections of 
lymphocytes are present. The deposits do not stain characteristically vith 
iodine, even after 24 hours ; they stain blue with Mallory and, patchily, m’tli 
Congo red. The kidney contains a small subscapular deposit near tho ureterit 
termination. 

Commentary, Apart from the three attacks of renal coh'c, with hamafuns, 
and malaria, tho patient had always been healthy and nephrectomy was 
by an uneventful recovery. ■ Tho few polymorphs seen in the urine hamy 
justify the title of “ suppuration The case is imique so far as the writer has 
been able to discover. 
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576 . 8 . 095 . 5 : 576 . 851 . 42 (jBr. bronchiseptica) 

THE INFLUENCE OF SUBSTRATE ON THE 
VARIATION OF RE. BRONCHISEPTICA 

Lois Dickinson 

Department of Bactenology and Preventive Medxcinet 
Vniversttg of Jtfanc/iMtcr 

WmLK investigating the metaboliBin of Br. bronchistplica in relation 
to the production of toxin it was found that normal strains grew on 
Koser’s medium and produced toxin from this relatively simple sub- 
strate. After a few subcultures on Koser's medium a stable variant 
appeared which, among other differences, produced very much less 
toxin than the normal strain. Attention was turned therefore to 
the relation between substrate and variation and it is essentially 
with this question that the present paper deals. The concentration 
of Cl and other monovalent ions in the medium has been shown to 
have a marked effect in causing or suppressing the appearance of the 
variant and some compounds providing the energy source have had 
a similar effect. 

Methods 

All strains \\Gre freshly isolated and preserved m that condition by drying 
from the frozen state in vacuo. This process is referred to throughout the 
paper simply as drymg ”. Strains NGP 1-7 were from the lungs of normal 
guinea piga, strams D 1 and D 4 were from a dog, and stram R 1 was from n 
rabbit’s lung. 

Dried cultures when plated on Bordet Gengou medium (as modified by 
Gardner and Leslie, 1032) yielded only one form of colony, the normal (" N ”) 
colony for this organism After mcubation for 48 hours separate colonies 
were surrounded by a pronounced zone of hromolysis. The same appearance 
was obtained when the amount of blood m the medium was reduced from 50 
to 25 per cent, but not witli less, and it olso occurred on a simple medium made 
by dissoKing 4 g. of agar m 76 ml. of 0 86 per cent, solution of NoCfl and 

JOCK* or riTH — TOL, rm 885 x 
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adding to it at 60° C. 25 ml. of oxalated horse blood. This medium, referred 
to as blood-saline agar, was used as a routine for detecting variant ("V”) 
colonies which were not easily differentiated from N colonies except on media 
containing a large percentage of blood. 

The formula of Koser’s medium was : — ^NaCl (A.R.) 6 g., 1 g., 

KjHPO« (anhydrous) 1 g., MgSO* . THjO (A.R.) 0-2 g., sod. citrate (A.R.) 
2-77 g., distilled water 1 litre. It was sterilised at 15 lb. pressure for 16 minutes. 
Koser’s agar was made by solidifying Koser’s medium with 2-5 per cent, of 
shredded agar which had been washed imtil no more salts could bo demonstrated 
in the wash water. 

Chemically clean hard glass tubes were used throughout. All cultures were 
incubated aerobically at 37° C. unless otherwise stated. 

The method used for the production and titration of toxic extracts was that 
of Evans and Maitland (1937), who extracted toxin from bacteria which had 
been killed by freezing and thawing and ground in an agate mortar. The extract 
was titrated by intradermal inoculation into the shaved back of a rabbit. 
Toxin could also be titrated by intradermal injection of washed living organisms. 
Bacteria, dried after washing in saline and distilled water, were suspended in 
distilled water (2 ml./mg. dry weight) and 0-2 ml. of serial dilutions inoculated, 
the end-point, ns in extract titrations, being the highest dilution causing a 
definite necrotic spot. This method was convem'ent for indicating large 
differences in toxicity and gave parallel results to titration of extract which, 
being more accurate, was used to confirm the preliminary titrations of washed 
living organisms. 


ExpeeimentaIi 

Production of the variant and comparison with the normal 
form of Br. bronchiseptica 

When Br. bronchiseptica was repeatedly transferred on slopes of 
Bordet-Gengou medium and at intervals plated out to obtain separate 
colonies, after about 12 subcultures variant colonies appeared an 
during a few more transfers they rapidly predominated. Subcultures 
from any one of these colonies gave a stable variant. If, however, a 
normal colony was always selected for transfer on plates the cu ure 
remained in the normal state for at least 60 subcultmes. ^ 

The variant was produced similarly by growth in Koser s me uffl^ 
Starting from a single N colony, subcultures were made everj 
days in tubes of liquid Koser’s medium, with periodic plating on 
blood-saline agar. The variant appeared usually withiii 10-1 
cultures and ten strains were alike in this respect. No interme 
forms were observed and cultures made from V colonies gave n® 

V colonies only. V cultures have never reverted to the ) 
even after several hundred subcultures they continued to s o 
same properties as when first separated from the parent 
In one experiment Koser’s medium was treated with 
charcoal before use with the object of removing traces 
impurities which might have been present, but this made no i 
to the results. The change from N to V forms occurre 
during subculture on Koser’s agar slopes as in liquid Kosots 
T he variant did not appear when N strains were su cu 



VABIATION IN BB. BBONCHISEPTICA 287 

Koser’s medium at 22'> C.. strains NGP 1, NGP 2, D 1 and R 1 having 
been tested in this respect through 100 subcultures. Neither did it 
appear on prolonged incubation in Koser’s medium. 

Morphology. Both N and V forms were Gram-negative, motile 
cocco-baoilli with peritriohate flagella. No abnormal forma were ever 
observed. By the use of a modified Muir’s stain both forms were 
shown to be capsulated. 

Colony formation. N and V cultures were not easily differentiated 
by colony appearance on nutrient, yeastrel or 6 per cent, blood agar 
or on any medium not containing large amounts of blood. After 
48 hours N colonies on blood-saline agar were domed, had a glistening 
milky appearance and were surrounded by a pronounced zone of 
hsBmolysis. V colonies were much larger, flat, oval and translucent, 
with no hmmolytic zone around separate colonies, though there was 
evidence of hiemolysis around areas of confluent growth. 

Biochmical tests. N and V forms were indistinguishable by the 
usual biochemical testa. 

Agglutination. Anti-N serum agglutinated both N and V organisms 
to titre, ns did anti-V serum. Anti-N serum absorbed with N had all 
agglutinins removed ; absorbed with V the serum failed to agglutinate 
V hut still agglutinated N approximately to titre. Absorption of anti-V 
serum with either V or N removed all agglutinins. These results 
could bo explained by assuming that N cultures possess two antigens, 
N and V, and that V cultures possess only V. 

Toxicity. Co'inparison of the M.R.D. of N and V cultures was 
made on the same rabbit and each pair of strains to be tested was 
grown on the same batch of medium. The N form of strains NGP 1 
and 2 was 8-30 times more toxic than the V form, irrespective of the 
medium in which they had been grown, of the number of times the V 
form had been subcultured and whether living organisms or extracts 
were tested. 

Evans (1940) prepared H, pertussis antitoxic serum and showed 
that it neutralised the toxic extract of normal strains of Br. bronchi- 
septica. Using antitoxic serum supplied by him and following his 
technique, both N and V toxic extracts were shown to be neutralised. 

Harmolysin production. On blood-saline agar plates it appeared 
that the V strain produced much less hsemolysin than the N strain. 
Attempts to estimate this accurately were not successful, nor could 
hemolysin production be correlated with toxicity except that both, 
though much reduced in the V form, were present. Potent N toxic 
extracts did not luemolyso a saline suspension of horse blood colls, 
using Henry’s technique (1922). 

Pathogenicity for guinea.pig$. N and V cultures of strain NGP 2 
were grown for 48 hours on Koser’s agar. After washing and drying, 
weighed amounts suspended in sah'no were injected intraperitoneally 
into guinea-pigs, tlireo animals per dose being used. The dosage was 
calculated as mg. drj- weight per 100 g. body weight and in assessing 
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potency the time till death was also considered. The results indicated 
an M.L.D. of approximately 0-06 mg./lOO g. body weight for the 
N form and approximately 2-0 mg./lOO g. for the V form (table I). 
Both N and V cultures produced post-mortem changes characteristic 
of Br. bronchiseptica as described by Evans and Maitland (1037, 1939), 
and the corresponding organism to the one injected was recovered in 
pure cultmre from the peritoneal exudate and heart blood in every case. 

When toxic extracts were employed, intraperitoneal injection of 
1 ml. of a 1 : 60 dilution of N extract per 100 g. body weight killed 
2/2 guinea-pigs, whereas a dose of 1 ml. of a 1 : 5 dilution of V extract 
was required to produce this effect (table I). The post-mortem 
appearances resulting from N or V extracts were similar to those 
caused by living organisms. 

Tabus I 


Pathogenicity of N and V cultures and extracts of strain NOP 2 
injected intraperitoneally in guinea-pigs 



Dosage per 100 g. body 
weight 

Deaths 

Time till death In iiP 

■Washed living organisms 


3/3 


1' 

0-5 mg. 

Z, 2, 3 


0-25 „ 

3/3 

3, 3, 3 

Nonnal 

0-126 „ 

3/3 

6, 5, 3 


0-06 „ 

3/3 

6, 5, 5 


0-03 „ 

0/3 

3,‘i‘, 1 

f 

2-0 

3/3 

■Variant . . . 1 

10 

1/3 

1 

1 

0-5 

1/3 

1 

Extracts 

r 

1 ml. 1 : 30 

2/2 

0 0 

Mf 

Normal . . . -I 

1 ml. 1 : 60 

2/2 

7, 9 

1 

1 ml. 1 : 100 

1/2 

8 

1. 1 

Variant . . . j 

1 ml. 1 : 6 

1 ml. 1 : 10 

2/2 

0/2 






These experiments indicated that pathogenicity of the V o ^ 
like toxicity and haemolysin production, was greatly reduced t oug^ 
not completely abolished. A completely avirulent, non-toxic ^ ana 
was never obtained. 


The influence of constituents of the medium on the 
development of the variant in culture 

Since the variant appeared readily in Koser’s medium 
composition it seemed possible that by modifymg the me in ^ 
variant might be suppressed and thus lead to information 
metabolic processes concerned with variation. In on 

sub cultures were made every two days and were plated ^ 2 

blood-saKne agar to detect variant colonies. Strains Iv' 
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Tvero used and if the V form had not appeared within 50 subcultures 
confirmation of this finding was sought with other strains. 

Additions to Koser’s medium. Kosor’s medium was tested at the 
same time as modifications made by adding some of the ingredients 
of Bordet-Gengou medium. These additions were respectively 
30 per eent. of potato extract, 30 per cent, of blood and 20 per cent, 
each of potato extract and blood. All wore solidified with 2 per cent, 
washed agar. Within 13 subcultures the variant had appeared on 
aU four media. 

Subtraction of the constituent ions from Koser’s medium. The 
various ions present in Koser’s medium were omitted one at a time 
in a number of media at pH 6-8-7-0, prepared by substituting one salt 
for another. The following stock solutions were employed, the 
amounts given being in grams per litre : A.R. NaC3 25-0 ; NHjHjPOj 
5'0 ; KjHPOj 6-0 ; A.B. MgSOj 1-0 ; A.B. sodium citrate 13-8 ; 
A.B. KCl 31-5 : A.B. MgClj 0-9 ; KjSOi 0-7 ; A.B. KHjPOi 7-8 ; 
A.K. NajHPOj 4-0 ; (NHJjSOi 6-0 ; A.B. citric acid 10-0 ; NajSOj 
30-4. Equal volumes of the first five gave Koser’s medium when 
mixed together. Concentrations of the other solutions were arranged 
so that if an aivion were omitted the concentration of the cation 
would bo unchanged. 

In the absence of ammonia or citrate there was no growth. In 
all the other media except those without chloride ion the variant 
appeared rvithin twenty subcultures. The variant was suppressed 
completely on three different chloride-free media in which NaCl 
solution was replaced by (Ij distilled water, (2) sodium citrate, (3) 
Na^SOj. The no. 1 cliloride-free medium was tested thoroughly. 
Strains NGP 3-7, D 1, D 4 and B 1 were subcultured 160 times and 
strains NGP 1 and 2 over 300 times. They all remained normal in 
appearance of colony and by agglutination and were hremolytio and 
fully toxic. All the strains tested on medium no. 1 were tested also 
on media 2 and 3 and remained normal for at least 60 subcultures. 
In subsequent experiments chloride-free medium refers simply to the 
omission of sodium chloride. 

pH. No variants appeared during 100 subcultures in chloride-free 
medium at pH values of 5'0, 5-6, 6-8, 7-6, 9-0 and lO-O. At pH 4-5 
there was no growth. 

Concentration of chloride. A sUghtly modified Koser’s medium 
was prepared in which A.B. salts were used throughout so that the 
approximate chloride impurity was known. A.B. KH.PO. was 
substituted for K,HPO. and A.B. (NHj)sHPO, for NH^H^PO^. The 
medium was constituted as follows : sodium citrate 2-77 e„ MeSO 
0'2 g., KHjPO, 1-0 g., (NH^ljHPOj 1-0 g., NaCl varying, doubly 
distilled water 1 litre. The pH was 7-0 and the probable maximum 
chloride concentration present in the control (without added NaCll 
was about O-OxlO-* g./l. * 

Using strain NGP 2, the variant was not produced at a chloride ion 
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concentration of 0-35 g./l. or less, but appeared in the usual number 
of subcultures at 0-71 g./l., wliich was of the order of 1-0 g./l. NaCl or 
0-02 if. Increasing the NaCl content up to double that in the usual 
Koser's medium had no effect on the rate of variant production. 

Effect of other anions. Koser’s medium with the 5-0 g./I. sodium 
chloride replaced bj’- 5-0 g./l. of other sodium salts, all at pH 7'0, 
was tested, using strain NGP 2. With bromide and nitrate the 
variant appeared in the usual time but it did not occur with sulphate 
or the three sodium phosphates. With nitrite, fluoride, iodide or 
cyanide there was no growth even when the concentrations were 
lowered to 1-0 g./l., below which chloride was ineffective. The 
limiting value for nitrate lay between 5-0 and 2-5 g./l. and for bromide 
between 2-5 and 1'25 g./l., both higher than for chloride. 

Energy source. The effect of the absence of chloride in suppressing 
variation was independent of the energy source in Koser’s medium. 
A representative range of carbon compounds was substituted for the 
citrate at the arbitrary concentration of 4 g./}., either as &ee acids 
or sodium salts. The following groups of compounds were tested 
with strains NGP 2, D 1 and R 1, both in the presence and in the 
absence of chloride at pH 7 -0 : (i) glycerol, glucose, formate, acetate, 
pyruvate ; (ii) probable decomposition products of citrate — succinate, 
lactate and fumarate ; citrate in the same amount was used also as a 
control ; (iii) hydroxy acids — dZ-tartaric, meso-tartaric, mucic ; (iv) 
amino acids— dZ-alanine, Z-cystine, asparagine ; (v) dicarboxylic acids 
— oxalic, malonic, adipic ; (vi) unsaturated dicarboxylic acids— 
fumaric, maleic, methyl fumaric, methyl maleic. 

None of the group (i) compounds supported growth. In chloride- 
free media the strains were still normal after 50 subcultmes with all 
compounds in groups ii-vi. 

In the presence of chloride only three compounds suppressed th® 
variant. These were adipic acid and the unsaturated acids maleic 
and methyl maleic. After 50 subcultures strains NGP 2, D 1 and P* 1 
were still normal. Maleic acid was tested more extensively ; strains 
NGP 1-7 and D 4 were subcultured 100 times and NGP 2, D 1 a” 

R 1 200 times without the appearance of the variant. This suppression 
of the variant by the cis- acid is noteworthy in contrast to i® 
naturally occurring trans-isomer, fumarate, which did not have ^ 
effect. The methyl substituted cis- and trans- acids behaved sifflilan.''- 


Attempted reversion of the V to the N form 

No evidence of reversion was obtained during 50 subculturos of 
the V form of strain NGP 2 on Bordet-Gengou medium or 10 J 
peritoneal passages in guinea-pigs. Similarly there was no c la ^ 
during 200 subcultures of the V form of strains NGP 1 an 
and R 1 in chloride-free Koser’s medium and in maleic meditim 
and without chloride. 
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Bate of growth of N and V forms 

The quantity of a 24-hours* V culture in liquid medium adhering 
to a straight inoculating wre was mixed with 10 ml. of an N suspension 
containing about 1000 million bacteria per ml. and stronger mixtures 
containing one or more loopfuls of V and percentages of V from 1 
to 90 were also made. Those vrith pure V and N suspensions were 
subcultured at 37® C. every two days, one loopful to 5 ml., and plated 
on blood-saline agar to detect the proportion of V and N colonies. 
The pure V and N suspensions behaved as already described. 

In Koser’s medium even the weakest mixture became pure V 
within tlirco or four subcultures. In cbloride-free medium mixtures 
containing up to one loopful of V did not reveal V colonies after 
20 subcultures but mixtures containing two loopfuls or more of V 
became pure V within 3 or 4 subcultures. In maleioate medium, with 
and without chloride, the weakest mixture tested contained * one 
loopful of V and this rapidly became pure V. Thus in all these 
circumstances the V form when initially present even in small amounts 
rapidly outgrew the N. 

At 22® 0. the V form did not rapidly outgrow the N, either in 
Koser’s or in chloride-free medium. Starting from a mixture 
containing one loopful of V there were only a few V colonies after 
50 subcultures and when half the initial inoculum was V there were 
still many N colonies. 

Increased producfion of the luriant after irradiation by K-raps * 

Wido ranges of wavo-length and dosogo have been employed to obtain bacteria! 
variation by means of X-rnj-a (Hnberman and Ellsworth, 1940 ; Gowen, 1041, 
1942), but initial experiments indicated that dosages below 10,000 r. were not 
eflectiv'e for Br, bronchiseptica. In most of the experiments a tube with a 
peak potential of 140 kv. (li.v.I, 1‘0 mm, Cu) was used ; constant potential 
250 kv. (h.v.l. 1*6 mra. Cu) and 000 kv. (h.v.l. 0*3 mm. Cu) tubes gavo similar 
results if the dosage was kept constant. The ^Tvvedengths were respectively 
0’2, 0*1 and 0'04 A approximately and there was no wnvo-longth effect. Dosage 
with back scatter wtis measured by means of a Victoreen dosomotcr and nil 
exi>cr5menta were carried out within tho homogeneous field on a phantom of 
pressed wood. Organisms wero imidiatcd at n constant distance in deep 
Potri plates, 6 cm. in diameter, containing 5 ml. of suspension in Kosor's 
medium or chloride-free Kosor’s medium, covered with sterile cellophane and 
scaled with wax. Suspensions wero made from a 24-hours’ culture on Bordet- 
Gengou medium inoculated with a single normal colony. They wore not 
washed and contained lO’-lQ'® viable organisms per ml. by plato counts. 
Determination of tho offocts of irradiation wero begun within an hour of its 
completion. 

After a dose of 10,000 r. the survival rate was about I in lO^-ZO® 
and after 20,000 r. it was from 1 in 10®-10^. It was considered that 
production of tho variant had been BtimnlateH if u 


Xleuvcl 
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during incubation of irradiated suspension for 5 days at 37“ C. or (6) 
during two subcultures of irradiated organisms at intervals of two 
days in Koser’s medium, wliile non-irradiated controls remained 
normal after five subcultures. 

The essential results of . some experiments are given in table II 
for dosages of 10,000 r. and 20,000 r. Irradiation markedly hastened 
the appearance of the variant. Positive results were not uniformly 
obtained but that is not exceptional in this type of experiment. 

The variant obtained after irradiation was identical with that 
obtained in the usual way and it outgrew the N form at 37“ C. 

The irradiated suspension of a single colony in chloride-freo 
medium (strain NGP 2, expt. V, table II) was incubated at 22“ C, and 
plated at intervals. The variant appeared within 3 days. 

Table 11 


Production of variant by X-rays 


Dosage 

Medium 

Occurrence of 
vartant in die 
irradiated sus- 
pension Incai- 
bated at S7° C. 
for 5 days 

OccurrcBCc of 
variant vldila 
two gubcultnrti 
of irradiated 
suspcDslonlo 
Koscr'amedius 

Expt. I. Strain B 1 

r 10,000 r. 

U0kv.. 352 r./mm. JfJ^OOr. 

(.20,000 r. 

Control . . . . . 

Koser minus Cl 

»» »> ** 
Koser’s medium 

ft tf 

ft »> 

+ 

+ 

+ 

-i- 

. + 

— nt sub. 7 

Expt. II. Strain NGP 2 

r 10,000 r. 

140 kv., 320 r./min. 4 

120,000 r. 

Koser -with and 
avithout Cl 

7f ft ff 

- 


Expt. III. Strain NGP 2 

250 kv., 100 r./min. {gJoOO r.' 

Koser minus Cl 

ft ft tt 



Expt. IV. Strain NGP 2 

140 kv., 295 r./min. {{JqoO t. 
Controls (2)f .... 

Koser minus Cl )3)* 
Koser’s medium (2)t 

»» 

0/3 

1/2 

0/2 

3/3 

2/2. , 
0/2 at sub. 1 

Expt. V. Strains NGP 2 and Dl 
(single colonies in 10 ml. medium) 
500 kv., 49 r./min. 

NGP 2 . . 10,000 r. 

D 1 . . 10,000 r. 

Controls NGP 2 (3)* . 

D 1 (3)‘ ., 

Koser minus Cl 

ft >* »» 

ft ** »» 

>• t» ft 

0/3 

0/3 

-r 

-f 

0/3 ^ 

0/3 nt ftJy- ^ 


• (3) Bs cultures exposed In triplicate, 
t (2) -» „ „ duplicate. 
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Irradiation of the culture medium did not increase the production 
of the variant when the N form was suhcultured in it. Within 
experimental error there was no difference in the lethal effect of 
irradiation at 10,000 t, on normal and variant organisms. 


DisotrssiON 

NaCl was shown by AVinslow et at (1932) to stimulate the log. 
phase of growth of Bad. coli and by Gest (1943) to produce phage- 
resistant strains of this organism. Largo concentrations of salts have 
been used to produce non-hereditaiy variants (Slatzuschita, 1900 ; 
Scales, 1921 ; Youmans and Delves, 1042), while lithium chloride 
broth has been employed to produce R variants. There have been 
no indications of the mode of action of salts nor has the geometrical 
configuration (cis-frans) of the energy source in relation to variation 
been noted. 

The facts relating to the N-V change of Br. bronchisepHca indicate 
that it is the initial change which is inhibited at 37° C. by the absence 
of chloride and the cis- configuration, since the V form, once produced, 
outgrows N in all media. At 22° C. any V organisms would not 
readily outgrow the N. Hence selective influences in favour of V 
determine ultimately whether a pure V culture is obtained from a 
mixture, but the stimulation of the initial change is essential. 

This initial N-V change is not related to the amount of growth 
in a medium ; the different substrates employed with and without 
chloride gave rise to very different amounts of growth. The con- 
centrations of monovalent am'ons necessary for the N-V change 
recall the influence of NaCl on the activities of some enzymes, 
e.g. amylase and mucinaso, at about the same concentrations. 
Oppenheimer (1936) gave collected details for amylase, Br and NOj 
being active, although less so than Cl, while SO4 and PO4 were 
inactive. McClean and Hale (1941) and Madinaveitia and Quibell 
(1941) gave further examples, the latter observing a difference in 
the kinetics of an enzyme reaction at concentrations of O-Ol and 
0-05 M NaCl. Absence or low concentration of Cl would reduce 
the enzymic activity involved in the initial N-V change and lead 
to suppression of the variant. Reduced temperature would also have 
this effect. There was no indication of the nature of the enzyme system 
involved or its relationship, if any, to the stereochemical structure 
of the ener^ source. This cis-lrans effect suggests that the cis-acid 
interferes with the naturally occurring trans- enzjTne system. The 
fact that furaarate inhibited the reduction of methylene blue by 
Br. ironchieeplica while maleicate did not, supports this view. 

The mechanism of the effect of X-rays on the variation process is 
unknown. There is no evidence that X-rays activate enzymes and 
the mechanism of their effect on gene mutation, apart from accelerating 
normal changes, is not understood. X-rays increased the initial 
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production of the V form sufficiently for it to appear in the absence 
of chloride and at 22° C. 

Additional experiments indicated that neither the concentration 
of chloride nor the cis-trans configuration had any effect on tlie 
production of variants in cultures of Bact. aertrycke, Bad. frkdlaiM, 
Bact. coli or H. parapertussis. 


SroiMAny 

Variation in Br. bronchiseptica (N-V), which occurred readily in 
culture at 37° C., appeared to depend on metabolic processes affected 
by Nad concentration and the stereochemical structure of the 
energy source. In Koser’s medium of Icnown chemical composition 
variation was suppressed by NaCl concentrations below 0-02 M and 
in adequate concentrations of chloride by substituting a cis- for a Irons- 
compound as the energy source. Bromide and nitrate had an action 
similar to that of chloride but the limiting concentration was higher. 
Results were interpreted as an effect on metabohsm concerned vith 
an initial N-V change, the production of small numbers of V organisms 
being followed by a rapid overgrowth of N. Irradiation vith X-rays 
stimulated variant production apparently by affecting the initial 
change irrespective of the culture medium. 

The author wishes to thank the staff of the Holt Radium InstilulOi 
Manchester, for their help with the X-ray experiments and Professor H- B. 
Maitland for his advice and criticism. 
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A STUDY OF THE PROTECTIVE FACTORS IN 
HETEROSPECIFIC BLOOD GROUP PREGNANCY 
AND THEIR ROLE IN THE PREVENTION OF 
HEMOLYTIC DISEASE OF THE NEWBORN* 

Geoiteby H. Tovey 

From The Army Blood Tratufusion Service 

The phrase heterospecific pregnancy is being used with increasing 
frequency in current medical literature to indicate that the mother’s 
blood contains an anti-A or an anti-B agglutinin which is incompatible 
with the A or B agglutinogen in the red blood corpuscles of her foetus. 
In the opinion of the author the expression is too vague, since it 
might bo used to denote any dissimilar feattoe of mother and baby. 
It is considered that were it to be qualified by including the factor 
in which mother and foetus differ, it might convey a little more to 
the uninitiated reader, and so the phrase “ heterospecifio blood group 
pregnancy " has been used throughout this paper. 

Approximately 90 per cent, of coses of hmmolytio disease of the 
newborn occur in Rh-positive babies bom of Bh-negative mothers 
(Levine et al., 1941 ; Boorman et al., 1942 ; Race et at, 1943). Anti- 
Eh agglutinins stimulated in the mother pass across the placenta 
and cause destruction of the baby’s red blood corpuscles. By contrast, 
although the mother’s blood contains an incompatible agglutinin for 
an A or B agglutinogen present in her fcotus in twice as many 
pregnancies as those in wliioh the baby is Bh-positivo and the 
mother Eh-negative, the maternal anti-A and anti-B agglutinins are 
only very rarely concerned in the causation of ha:molytio disease 
(Boorman el al,, 1944). It is evident, therefore, that a protective 
mechanism must exist which, in the great majority of instances, 
prevents the anti-A and anti-B agglutinins from damaging the fcetal 
erythrocytes, but wliioh is more often absent in the case of the 
Eh factor. 

An explanation of the nature of this protective mechanism has 
been proposed by Boorman and Dodd (1943). They consider that 
the maternal anti-A and anti-B agglutinins do not damage the 
baby’s red cells because they are absorbed by water-soluble A and B 
group substances present in the baby’s plasma and body fluids. The 

* Part of a disscrtntion submittod for fho degree of Doctor of Jtedicino in The 
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Rh group substance, being only slightly soluble in water, is almost 
entirely absent from the body fluids and therefore fails to protect 
the foetal erythrocytes from anti-Rh agglutinins. 

It has been shown, however, by Aubert et al. (1942) that no 
appreciable amount of group-specific substance is demonstrable in 
the plasma of approximately 50 per cent, of group A individuals 
and of 15 per cent, of individuals of group B. If, therefore, Boorman 
and Dodd’s theory were correct, one would expect to find that half 
the number of group A babies of heterospecific blood group pregnancies 
are affected with hsemolytic disease. Statistically, in one pregnancy 
in every seven an anti-A agglutinin is present in the mother’s blood 
incompatible with a group A or a group AB foetus, and on this basis, 
therefore, haemolytic disease of the newborn should occur once in 
every fourteen pregnancies considering the anti-A agglutinins alone. 
Hence, although the corresponding group-specific substance in the 
baby’s plasma may play a part by the inliibition of incompatible 
agglutinins entering the circulation, other important mechanisms 
must be present to protect the foetus in such heterospecific blood 
group pregnancies. 

In an attempt to determine the nature of these protective 
mechanisms, the blood of a number of mothers and their babies has 
been examined at the time of birth. 


Technique 

A specimen of retroplacental blood clot for the mother’s blood and a sample 
of umbilical cord blood were collected in dry, sterile centrifuge tubes, inicncyer 
possible a sample was also taken from the mother’s arm at the time of separatio.a 
of the placenta. 

Determination of blood group. Each specimen was examined for agglutinogen 
in the cells and agglutinins in the serum by the tube method (see Medical Eesearc 
Coimcil War Memorandum no. 9, 1943). Negative or doubtful reactions vOT 
examined microscopically. The serum of any mother who appeared to - 
group B was checked against A, cells before a final diagnosis was made, o 
addition, if doubt existed, the saliva of baby or mother was examined for 
A or B agglutinogen by the method described by Wiener (1943, p. 278). „ 

Titration of agglutinins in the sera. The method outlined in M.R.C- * 
Memorandum no. 9 was followed. End-points were determined microscopic P 

for examination of sera containing anti-Bli agglutinins had shown that 
agglutination was only demonstrable imder the microscope it had been 
sible for severe effects upon the baby. The titre recorded was the dim lon^^ 
the serum before the cell suspension was added, i.e. the first tube of a 

shows a titre of 1. i of Ib- 

Estimation of the group substances in the baby's serum. One jjft 

baby’s cord serum was added to an equal voliune of mother’s serum 
to stand in the incubator at 37° C. for one hour. Parallel 
set up of the mother’s serum and the mixed sera, and a suspension of lo ^ 
cells added as test cells. The difference between the end-points ° 
titrations was noted after the tests had been kept at room jj_ 

two hours. This difference was expressed as an “inhibition 
the number of times the baby’s serum reduced the titre of the co 
agglutinin in the mother’s serum : e.y. if the mother’s serum alone ogg 
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tho babj’s cells to a titre of 128 and the mixed sera agglntmated the same 
cells to a titre of 32, the inhibition index waa expressed ns 4 (c/. Aubert et al , 

1942) u V 

Scnsitiiiitp o/ Oie agglutinogen tn the baby's erythrocytes This has b^n 
expressed ns a fraction of tho Eonsitivity of adult cells of tho same group nhen 
parallel titrations 15616 performod unth the samo high titre groupmg serum 
Freshly made cell suspensions from a mirabor of babies were investigated 
together so that the findmgs should be more exactly comparable 


Experimental findings 

The blood group of 80 mothers and their babies was determined 
In 20 of these pregnancies the baby was born ahve to a mother whose 
blood contained an anti-A or anti B ngglutinm mcompatible mth 
her baby’s erythrocytes 

The placental barrier 

The newborn infant possesses no agglutinins of its own at birth, 
and any agglutmins demonstrable in its serum are those of its mother 
winch have filtered through the placenta (Smith, 1928 , Bolayes cf al , 
1929) Table I shows a comparison of the titre of compatible 
agglutimns in the mother’s rotroplacental blood with that m her 
baby’s cord blood m 55 instances, and demonstrates that the placenta 
exerts a defimto lumtmg effect upon the extent to which the maternal 
agglutinins can enter the baby’s oircnlation For the purpose of this 
paper tho effect will be referred to as the “ placental inhibition " of 
the maternal agglutimns 

Wiener and Silverman (1940) had noted this hmitmg effect and, firom 
their small senes of cases, concluded that it was fairly umform in 
cutting down the entry of the maternal agglutimns into the foetal circu- 
lation by 8 to 16 times This has been disputed by Sherman el al 
(1940), however, who consider that placental permeabihty is a very 
variable factor The present investigation confirms this latter view and 
shows that the permeability of the human placenta to tho anti A and 
anti-B agglutimns vanes considerably from case to case In some 
pregnancies the placental inhibition is found to be as low as 8, but 
in another it is found that although an anti-B agglutmm is present 
in the mother’s blood at a titre of 25G, it cannot be detected in her 
baby’s cord serum (see family no 4) Figures for tbe placental 
inhibition ns high ns 04 or 128 are qmte frequent findings and 
demonstrate that tho placenta presents an efficient bamer to the 
entry of the maternal agglutimns into tho fcotnl blood stream in 
raanj’ pregnancies 

Selroplacental inhibition 

A marked difference between the titre of tho compatible and 
mcompatible agglutinin m the rotroplacental blood was observed in 
fii 0 of the heterospccific blood group pregnancies examined, the titre 
of tho incompatible agglutimn being greatly dimimshed (table I, 
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Rh group substance, being only slightly soluble in M'ater, is almost 
entirely absent from the body fluids and therefore fails to proted 
the foetal erythrocytes from anti-Rh agglutinins. 

It has been shown, however, by Aubert et al. (1942) that no 
appreciable amount of group-specific substance is demonstrable in 
the plasma of approximately 50 per cent, of group A individual; 
and of 15 per cent, of individuals of group B. If, therefore, Boorman 
and Dodd’s theory were correct, one would expect to find that half 
the number of group A babies of heterospecific blood group pregnancies 
are affected with haemolytic disease. Statistically, in one pregnancy 
in every seven an anti-A agglutinin is present in the mother’s blood 
incompatible with a group A or a group AB foetus, and on this basis, 
therefore, haemolytic disease of the newborn should occur once in 
every fourteen pregnancies considering the anti-A agglutinins alone. 
Hence, although the corresponding group-specific substance in the 
baby’s plasma may play a part by the inhibition of incompatible 
agglutinins entering the circulation, other important mechanisms 
must be present to protect the foetus in such heterospecific blood 
group pregnancies. 

In an attempt to determine the nature of these protective 
mechanisms, the blood of a number of mothers and their babies has 
been examined at the time of birth. 


Technique 

A specimen of retroplacental blood clot for the iiiother’s blood and n sampb 
of umbilical cord blood were collected in dry, sterile centrifuge tubes. iMicncver 
possible a sample was also taken from the mother’s arm at the timo of Bcparntion 
of the placenta. 

Determination of blood group. Each specimen was examined for agglutuiogcrt 
in the cells and agglutinins in the serum by the tube method (see Medical Bescarc 
Council War Memorandum no. 9, 1943). Negative or doubtful reactions 
examined microscopically. The serum of any mother who appeared to 
group B was checked against Aj cells before a final diagnosis was mnuo. ^ 
addition, if doubt existed, the saliva of baby or mother was examined for 
A or B agglutinogen by the method described by Wiener (1943, p. 278). 

Titration of agglutinins in the sera. The method outlined in M.B. • 
Memorandum no. 9 was followed. End-points were determined inicroscopicft > 

^ - - thattfiouga 


for examination of sera containing anti-Rh agglutinins had shown 


agglutination was only demonstrable imder the microscope it had bew 
sible for severe effects upon the baby. The titre recorded was tlio di u 
the serum before the cell suspension was added, i.e. the first tube o a 

shows a titre of 1. i of the 

Estimation of the group substances in the baby's Serum. One |jf( 

baby’s cord serum was added to an equal volume of mother s scrum 
to stand in the incubator at 37° C. for one hour. Parallel titrations we 
set up of the mother’s serum and the mixed sera, and a suspension o 
cells added as tost cells. The difference between the end-points o 
titrations wtus noted after the tests had been kept at room tempev 
two hours. Tliis difference was expressed as an “inhibition m 
the number of times the baby’s serum reduced the titre of tne co 
agglutinin in the mother’s serum ; e.g. if the mother's scrum alono Co 
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families 1, 8, 32, 61 and 68). In those cases in which a specimen of 
the mother’s intravenous blood had also been obtained there was 
little difference between the titre of the two agglutinins (family 
no. 32, tables I and 11). Hirszfeld and Zborowski (1925) have also 
observed this difference and suggest that it is indicative of the 
presence of a specific neutralising mechanism in the foetus. They 
ate of the opinion that the lowering of the titre of the potentially 
dangerous agglutinin in the retroplacental region, together with the 
lack of permeability of the placenta to agglutinins, is the physiological 
mechanism that enables the foetus to survive a heterospeoifio blood 
group pregnancy. The concentration of the incompatible agglutinin 
in the mother’s general circulation, as indicated by blood taken &om' 
the ante-cubital fossa, may, however, be 32-64 times greater than 
that in a retroplacental specimen taken at the same time. The 
difference is so great that if Hirszfeld and Zborowski’a explanation 
were correct, i.e. that this process is concerned in the natural protection 
of the foetus throughout pregnancy, it would surely find reflection in 
the mother’s general circulation. As an alternative, it may be 
suggested that this phenomenon is not a part of the protective 
mechanism, but is the result of accidental contamination of the 
retroplacental blood by the baby’s group substances at the time of 
separation of the placenta. Occurring at this time, when the retro- 
placental blood has ceased to have any communication with the 
general circulation, this marked fall in titre would not be found in 
blood token from the mother’s ante-cubital fossa. 


The. group substances in the baby’s plasma 

In 7 of the 20 heterospeoifio blood group pregnancies no group 
substances could be demonstrated in the baby’s serum (table H), 
but in none of these cases did the baby develop firank hasmolytio 
disease of the newborn. 

When investigating the protective action of the plasma agglutinogen 
following the transfusion of incompatible agglutinins, Boorman and 
Dodd found that the absorption of antibody by even small amounts 
of plasma agglutinogen was considerable. While the present findings 
do not belittle the assumption that the group-specific substances 
may be potent factors in the absorption of incompatible agglutinins 
crossing the placental barrier, they do demonstrate clearly that 
plasma agglutinogens do not play a major part in the prevention 
of hicmolytio disease of the nowbom. 


The sensitivity of the fodal erythroeytes to agglutination 

It has been shown by Kemp (1930) that the erythrocytes of the 
newborn have only 20 per cent, of the sensitivity to agglutination 
of adult cells. This observation suggests that a low sensitivity of the 
baby’s colls is a part of the natural protective mechanism 
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A detaUed study of individual cases reveals that Kemp’s 
generalisation is very misloaitoig. In fact, the sensitivity to 
agglutination of the erythrooytes varies greatly from bahy to baby. 
In one it may bo only s’j of that of the adult, while in another it is 
equal to that of strongly reacting adult cells (table II). Hence it 
is evident that, although a lack of sensitivity of the baby’s erythrocytes 
may be a protective factor in some pregnancies, it is by no means 
invariably so. 

The effect of temperature 

The supposition that the mother’s blood contains anti-A or anti-H 
agglutinins capable of damaging her infant’s erythrooytes has been 
based upon titrations usually performed at room temperature. In 
general their titro at body temporaturo (37° 0.) is but J to J that at 
room temperature (Wiener, p. 18), so that if this fact is ignored the 
in-vivo activity of the agglutinin may tend to be over-estimated. 
Again, in the present investigation the effect of temperature has 
differed from ease to case, but in general the mother’s serum did not 
agglutinate the baby’s red cells as strongly at body temperature as 
at room temperature (table II). 

Discussion 

It is now possible to assess the role of the main factors in providing 
protection to the foetus in the 20 cases of hoterospeoific blood group 
pregnancy which were o.vamined. 

Previous investigations concerned witli the part played by the 
Kh factor in the pathogenesis of hiemolytio di-sease of the newborn 
have been restricted to classical cases of tlio disease (Levine et al. ; 
Boorman el al., 1942 ; Race et al.). For tlio present investigation 
it was decided that only such cases should be considered as indicative 
of a failure of the normal protective mechanism in heterospeoifio 
blood group pregnancy. All the babies in our series were bom alive, 
none gave occasion for anxiety from jaundice, mdema or anaimia 
for at least 14 days after birth, and all wore considered to be making 
normal progress at a post-natal examination one month after leaving 
hospital. In addition, a midxvifo reported that the baby’s progress 
was satisfactory during the first B-0 montlis of its life. It may 
therefore be presumed that all these babies received adequate 
protection against their mother’s anti-A and anti-B agglutinins 
wliilst in utcro. 

Because it is not uniform, the placental inhibition of the in- 
compatible agglutinin cannot bo pro-determined for any particular 
case. It is found, however, that where compatible anti-A and nnti- 
B agglutinins are together prc.sent in tho mother’s blood (f.e. group 0 
mother, group 0 baby) the permeability of tho placenta to both 
agglutinins is usually approximately equal. Hence tho extent to 
which the incompatible agglutinin has crossed the placental barrier 

joCRx. oir TAtn.— -tou isn 
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may be estimated -witb some certainty in tlioso pregnancies wliere tlie 
mother is group 0. Tliis was possible in 14 of the 20 pregnancies. 
Moreover, since the titre of the incompatible agglutinin differed little 
from that of the compatible agglutinin, both in the specimens of 
intravenous blood examined and in many of the samples of retro- 
placental blood, it may be concluded that the titre of the compatililc 
agglutinin in the baby’s blood is an index of the entry of the dangerous 
agglutinin into the baby’s circulation. In only one pregnancy (family 
32) was it found that a compatible agglutinin was present in the baby’s 
blood in any marked titre (32). The titre of this antibody in the 
other babies varied from 0 to 8, despite the fact that the corresponding 
titre in the maternal blood was high (see table II). This clearly 
demonstrates the importance of the placental barrier in the protection 
of the foetus in heterospecific blood group pregnancy. 

The protection afforded by the relative sensitivity of the baby’s 
erythrocytes to agglutination maj^^ also be assessed with some certainty 
and the results suggest that the combined effect of the relative 
impermeability of the placenta and lack’ of sensitivity of the baby's 
corpuscles to the maternal agglutinins is sufficient to protect tlic 
baby’s erythrocytes in many such pregnancies. 

'The full extent of the part played by the group substances in tlie 
babj^’s plasma can only be surmised, for sufficient evidence is not yet 
available to permit of its exact evaluation. It may be presumed, 
however, that in those cases in which the combination of the above 
two factors does not appear to have been sufficient, the agglutinins 
were prevented from producing disastrous effects the presence of 


these Imown neutralising agents. 

Similarly, too, in the present state of our knowledge, no definite 
conclusion can be reached on the extent to which body temperature 
limits the activity of incompatible anti-A and anti-B agglutinin; 
in vivo. The results of the present investigation do suggest, houcicr, 
that although the total protection afforded by the first three factor; 
probably gives a wide margin of safety in most heterospecific bl^ 
group pregnancies, this physiological mechanism may be still fur c 
enhanced by the depression of the activity of the agglutinins in 


Proteciion against anti-Rh agglutinins 

Nearly every case of hmmolytic disease of the newborn is 
anti-Rh agglutinins, hence it should be possible to deraonstra e 
absence or failure of protective factors against these antibodies. 

When the father is homozygous for the Rh factor, the demons 
of anti-Rh agglutinins in the mother’s blood during the an 
period provides almost certain evidence that her foetus will le 
with hcemolytic disease (Boorman et al., 1944), and yet 
are on record in which these antibodies have been foun 
low titre in the mother's serum. A rapidly fatal case, 
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diagnosis confirmed by necropsy, bus been recorded in which anti-Bh 
agglutinins were not detectable in a titre greater than 1-2 m the 
mother’s blood (Langley and Stratton, 1944), and Boorman et ah (1942) 
report that in 19 cases of established hsemolytic disease of the newborn 
the maternal agglutinins did not rise above a titre of 8. It must 
also be remembered that these findings have been observed during the 
post-partum period when immune agglutinins attain their maximal 
strength (Boorman et ah, 1942). In none of the 55 pregnancies 
investigated in the present series would the anti -A or anti-B agglutinins 
have passed across the placenta into the baby’s circulation had they 
been present in the mother at a titre. of less than 8. "More frequently 
the titre had to attain to 64 or 128 before these agglutinins appeared 
in the umbilical cord blood. This suggests that in most pregnancies 
there is little or no barrier to anti-Bh aggluturins and that these 
antibodies pass across the placenta more freely than the anti-A and 
anti-B agglutinins. 

Having gained access to the foetal cireulation, the Bh antibody 
is not prevented from damaging the erythrocytes by the three other 
factors that protect the foetus in a heterospeoific blood group 
pregnancy, for no Bh group-substance is present in the baby’s plasma 
(Boorman and Dodd), the Bh agglutinogen is usually well developed 
at the time of birth (Wiener, p. 252), and the maternal anti-Bh 
agglutinins in general react most intensely at body temperature (Levine 
et ah ; Boorman et ah, 1942). 

The conclusion may be drawn that an absence, either partial or 
complete, of any mechanisms comparable to those that protect the 
foetal erythrooydes from destruction by the onti-A and anti-B 
agglutinins probably o.vplains why Bh antibodies stimulated in the 
mother have such damaging effect upon her baby. 

Several investigators (Gallagher el ah, 1043 ; Wiener and Wexler, 
1943 ; Langley and Stratton ; MoUison, 1944) have noted the absence 
of any close relationslup between the titre of the anti-Bli agglutinins 
in the mother’s blood and the estent and rapidity of destruction of 
the red colls of the baby in ha;molytio disease. If the wide range of 
variation in the placental inhibition of anti-A and anti-B agglutinins 
is any criterion, this is not surprising. Moreover, the effects in the 
baby uill further depend upon the degree of absence of the other 
protective mechanisms. 


SOJ!HAHY asd cosclusjoks 

No one factor is wholly concerned in the protection of the foetal 
erythrocytes from the notion of the maternal antibodies in a hetero- 
spccifio blood group pregnancy, but probably different combinations 
of at least four main mechanisms operate, namely ; — ■ 

(i) lack of permeability of the human placenta to the anti-A and 
the anti-B agglutinins ; 
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(ii) neutralisation of incompatible anti-A or anti-B agglutinins 
crossing the placental barrier by group-specific substances in tlie 
foetal plasma ; 

(iii) lack of sensitivity of the foetal erjfijhrocytes towards the in- 
compatible agglutinins ; and 

(iv) diminished activity of the anti-A and the anti-B agglutinins 
at body temperature. 

It is suggested that the important part played by the Rli 
agglutinogen and its corresponding agglutinin in the pathogenesis of 
haemolytic disease of the newborn is in part due to the freer passage 
of the anti-Rh agglutinins across the placenta, relative to the anti-.\ 
and the anti-B agglutinins. 

It would appear that, in general, little can be done to enhance flic 
natural protective mechanism in women loiown to be Rh negative. 
It is within our power, however, to avoid increasing the titre of the 
anti-Rh agglutinins in the mother’s blood by ensuring that flic 
antigenic Rh factor is not needlessly introduced into the circulation 
of any Rh-negative female who is either an actual or a potential child- 
bearer. Dacie and MoUison (1943) and Cappell (1944) have shown 
that it is possible to become sensitised to the Rh antigen by a single 
transfusion. Therefore from the cradle every female should be Eh 
typed, if circumstances permit, before receiving a blood transfusion. 

It is with much pleasure that I acknowledge my indebtedness to Brigadifr 
Sir Lionel Whitby, Lt.-Col. Maycook, Major Barlow and Captain Bushbyofte 
Army Blood Transfusion Service for their advice and suggestions; ^ 

Phillips, who accorded access to the patients at Southmead Hospital ; ® 

the resident staff, medical students and midwives who very kindly collected 
samples of retroplacental and cord blood. 
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the NON-MANNITOL-FERlvnSNTmG DYSENTERY 
BACILLI 

J. D. MAcLEOTfAU 

Central Pathological Laboratory^ M.E^F . 


Since Sliiga’s original discoverj' of a “ Ruhr-bazillus ” in 1898 
(Shiga, 1898, o, 6 ) only ono other bacterium with comparable cultural 
characters and fermentative activities has received general acceptance 
as a cause of acute epidemie dysentery in man. This is the organism 
first isolated by Schmitz in 1917 during the investigation of an 
outbreak among prisoners of war in Rumania. The two species — 
Bad. dyaenterm Shiga and Bad. dysenleriai Schmitz — differ from the 
other dysentery bacilli in their inability to ferment mannitol : each, 
however, is antigenicaUy distinct and, so far as their agglutinogens 
are concerned, antigenically homogeneous. Yet from time to time 
reports have appeared of non-mannitol-fennenting bacilli of the 
general Sliiga-Sclmitz typo, wliich, even on primaiy isolation from 
cases of clinical dysentery, have failed to react with anti-SHjo or 
a.nti-8climiiz agglutinating sera. The possibility that some of these 
inagglutinable strains may have been rough variants cannot be 
entirely excluded, but in recent years such an explanation has 
become far less tenable. It is the purpose of this paper to describe 
some of these rarer dysentery organisms and to assess their position 
and significance in the light of modem work on the group as a whole. 

Material and methods 

In tlio Middle Enst Force from 1040 to 1942 ifc was the routine laboratory 
practice to attempt to isolate and identify tho pathogen in all cases of dysentery 
and diatxhcca admitted to hospital. ThrougJi the courtesy of the Deputy 
Director of Pnthologj% M.E.F. (Colonel J. S. K. Boyd, O.B.E.), arrangements 
were made for all inagglutinable strains which failed to ferment mannitol to 
bo subcultured on Dorset medium and forwarded direct to tho writer for 
further study. Between August 1040 and September 1042 (when the investiga- 
tion had to be terminated owing to procure of other duties) 304 live strains 
were received. Dsuolly adequate clinical details accompanied the cultures, 
but in only a fraction of tho cases was it po^iblo to oxamino tho patients them- 
selves. Early in 1041 represontativo cultures of inagglutinable non-mannitol- 
fennenting bacilli were received from India from Liout.-Colonel A, Saclis, 
R.A.Jf.C., who had been investigating tho group there. A small number of 
strainq have also lx>en obtained from sources outside the Middle East, Finally, 
during 1041 and part of 1942, n collection of 221 cultures of Buef. dusenterii 
Shiga and OS of Bad. dysenteria: Schmitz was accumulated for comparison. 

207 
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On receipt, each cultiire was given a code number, re-plated for purity and 
smoothness and then inoculated into nutrient broth, nutrient gelntin, litraa? 
milk, peptone water, and the following carbohydrate media : glucose, lactose, 
sucrose, rhamnose, arabinose, xylose, mannitol and dulcitol. The«o were 
incubated aerobically at 37° C. for tlmee weeks, and tliroughout this period 
the motility of the strain, its ability to produce indole, its proteolytic powers 
and its fermentation reactions were examined routinely and repeatedly. If on 
the results it was decided that the organism did in fact belong to the dysontm- 
group, preliminary agglutination tests wore carried out with antisera prepared 
against strains of Bact. dysenteries Shiga, Sclunitz, Sonne, Flexner I-\T[, Boyd 
I-III and Bact. alkalescens. 

Subsequently representative strains were selected for the purpose of pro- 
ducing anti-sera in rabbits. As a rule little difficulty was encoimtored in obtaining 
anti-sera of titre 1 : G40 or higher and no sera of lower titre were employed. 
The anti-sera were stored in the refrigerator without preservative. 


Results 

No less than 67 of the cultures were discarded as belonging to the 
Proteus morgani group. Usually it was easy to identify these organisms 
by their motility, their colonial characters and their production of 
gas in sugar me^a. In all cases of doubt subcultures were made on 
sloppy (1 per cent.) agar and examined for swarming (Rauss, 1936; 
Sevin and Buttiaux, 1939). It is perhaps worth pointing out that 
some strains of P. morgani fail to produce gas from fermentable 
carbohydrate media, even after prolonged incubation, and that 
strains producing only a minute bubble in the first 24-48 hours are by 
no means uncommon. On the other hand, true non-motile variants 
must be excessively rare, at any rate on fresh isolation. I have never 
encountered any, and Sevin and Buttiaux mention only one strain w 
their very complete record. But motility is not always easy o 
demonstrate ; prolonged and repeated examination may he necessary 
before even a single motile cell is found. 

Quite apart from these interlopers, 20 strains proved to ^ 
recognised tjypes of dysentery bacilli. Five Sliiga and two Sc nn^ 
strains require no further mention ; the remaining 13 were no 
marmitol-fermenting variants of the Flexner-Boyd group and 
to the following serological types : (88) — 3 strains ; (103) 6 s rai > 
(D 1) — 4 strains. 

Such variants, though by no means common, have 
before (Clayton and Warren, 1928-29, 1929-30 ; Boyd, lO-'" > 

1943) and were not further investigated. 

There remained 217 strains which could not be 
were Gram-negative, non-motile bacilli, f. ■ ■ 
vuthout gas, but not lactose or mannitol ; 
and on 1 per cent, agar they gave discrete 
type of growth. The cultural reactions 
several times and gave consistent resul 
that the vast majority' of these IMiddle 
tjqjes already identified and named in Int 
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than confuBO an already overhurdened Uteratee. Sachs’s designations, 
when applicable, have been adopted thronghont. 


Cultural characters of the non-mannitol-fementing strains 

The colonies of these organisms on nutrient agar, on MoCohkey 
and on litmus-laotose-bile salt-agar are small, round, (Usorete and 
rather flat ; they are transparent and often have a delicate bluish 
sheen, but with age certain strains become more opaque. This is 
especially evident with typo A 12 (Sachs) and the one strain of type 
B 105 (Sachs) which I have studied, but is also to be seen to a lesser 
degree with types B 81 (Sachs) and B 26 (MacBennan), In no instance, 
however, are the colonies likely to be mistaken for those of P . viorgani 
or of the majority of paracolon and alkalescens strains, which are 
altogether larger and coarser. 

The biochemical reactions of the strains are shown in table I, 
in which only those of significance are included. Tkom this it will 


I 

awnnitot/cnncntinj? dysentery tactfli; hiochemical reactions 


Strain 

Glucose 

LactoMs 

Sucrose 

Manoitol 

Dulcitol 

llli&Tnnote 

lodolc 

ShiiTA 

A1 

Nil 

m 

Nil 

Nil 

Nd 


QU07 

A1 

Nil 

Nil 

Nd 

Nil 

Nil 


a 771 

A1 

Nil 

Nil 

Nd 

Nd 

Nd 

— 


A1 

Nil 

Nit 

Nil 

Nii 

Sil 

— 

A 12 

A1 

Nil 

Nil 

Nil 

Nd 

Nd 


Q1030 

A1 

Nil 

Nil 

Nil 

A 1.3 

Nd 


Schmitt 

A1 

NJ 

Nil 

m 

Nd 

A 1 


Q90J 

‘Al 

Nil 

Nil 

Nil 

Nd 

Al 


P25 

A1 

Nil 

A2 

Nil 

Nd 

Nil 


B81 

Al 

Nil 

A3.C 

Nil 

Nil 

Nil 


BIOS 

Al 

Nil 

A3 

Nil 

Nd 

Nil 



A 1.3 = and produced m 1-3 days. 


be seen that these organisms may bo readily classified into three 
groups according to their action on duloitol and their abiiity to 
produce indole. The dulcitol-negativc, indole-negative group inoiudea 
Bact. dysenteria: Shiga, and types Q 1107, Q 771, Q 454 and A 12 of 

* r ‘“<lo'e-positive group, Bact. dyscntcrim 

Schm.tz,^es Q902, B 81 and BIOS of Sachs and P 26 of the 
wntOT. Tjqio Q 1030 (Sachs) occupies a class by itself, being indole- 
ncgativo and a consistent late fermenter of dulcitol. A^ further 
subdivision of the Buef. dyscnlcriar Schmitz sub-group into thos^that 
attack sucrose and those that do not scarcely seems caUed fon 

ccrnin’rtLti:rron^^^^^^^ 

great importance in the classification of the Iroup AlSgirth’^ 
maetions reported hy Sachs are bmadly true, «ie/are^ot yo 
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definite as he indicated. Many strains of Q 1167 -vrill attack arabinose 
and several of the so-called “ arabinose-positive ” types— particularly 
Q 454 and A 12 — are without action, wlule in others the fermentation 
has been so delayed and irregular as to render its use in diagnosis 
of very doubtful value. I should, ‘however, like to emphasise the 
usefulness of rhamnose in this Tespect. The onlj^ two organisms to 
attack rhamnose have been Bact. dysenterice Schmitz and type Q 902. 
This reaction has been tested out in the entire collection of 221 strains 
of Bact. dysenterice Shiga, 98 of Bact. dysenterice Schmitz and 217 of 
other types, and has been consistent. 

Serological investigations ■ 

Anti-sera were prepared in rabbits against each representative 
type and every strain was tested routinely against aU the anti-sera. 
Results, read after 4 hours’ incubation at 56° C. and again after 
standing on the bench overnight, were clear-cut and simple to read. 
It can be said at once that, with one exception, the various types were 
serologically homogeneous and distinct. It is true that there was 
occasionally some cross agglutination to a titre of 1 : 10 to 1 : 10 
between Bact. dysenterice Shiga and Bact. dysenterice Schmitz, between 
Bact. dysenterice Shiga and Q 1167, and between Bact. dysenicrh 
Schmitz and Q 902, but this was so slight and irregular that it was 
not considered significant. The exception was found among some 
strains of type Q 771, which showed some antigenic complexitj-. 

The original anti-serum to Q 771 had been prepared not against 
one of Sachs’s strains but against a SEddle East strain — “ McDiarmid • 
Subsequent cross absorption tests, however, showed that McDiarmi , 
although very similar to Sachs’s Q 771, was not identical (table II). 


Table II 

Cross absorption experiments with anti-sera Q 771 and McDiamnd 


Anti-SGrum 

Absorbing 

Fuspenslon 

Agglutinating titre with suspension 

Q771 

JlcDIarmlil 

Q771 

tt 

If 

jMcDiarmid 

Nil 

Q771 

McDiarmid 

Nil 

Q 771 

McDiarmid 

1 : G40 

Nil 

Nil 

1 : 1280 

Nil 

Nil 

1:040 

Nil 

Nil 

1 : 1280 

1 : .720 

Nil 


These findings were thought so unusual that fresh an i-se 
prepared in two other rabbits, with exactly similar resu s. 
after each strain of Q 771-McDiarmid type was teste ou 
both anti-sera and absorption tests were undertaken as a 
In all 103 such strains were examined, of whicli 95 were 
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Q 771-MoDiarmid type, and 8 (strains PL 4, PM 2, PM 7, PR 1, P 19. 
P 37 P C7 and P 89) were of pure McDiarmid type. Attempts to 
isolate heterologous variants from either sub-type were not successful 

but were not thoroughly pursued. 

None of the other organisms studied, apart from those Meady 
mentioned, showed any antigenic relationship with the Boyd-Plexner 
or Sonne types of dysentery bacilli. 


Occurrence of the various types 

These organisms have been obtained from sources scattered 
throughout the Middle East command : no significant geographical 
incidence can bo discerned in their distribution. 

Frequency of non-inannitol-fermentiny strains. There is, un- 
fortunately, no completely accurate information on the absolute 
frequency of these organisms in the M.E.P. It is true that throughout 
the period under review figures are available of the total isolations 
of dysentery bacilli in the M.E.P. laboratories (table 111), but the 

Tabus HI 

Isolation of dysentery bacilli in the ItI,EJF',, August lUiO'Septembcr 1042 


Ots<iQlsm 

ToU) boUktIODS 

reiMDtage 

.Sad. dtjBtnttria) 

3,181 


Shiga . . . . • 

17-9 

Selimttz .... 

1,223 

C>8 

Flexnor .... 

10,029 

Cl -5 

Sonne 

1,284 

7-2 

Inagglutinable strains 



Slannitol'ferrnentcra 

741 

4-2 

1 Non-maunitol'fonnenlcrB 

443 

2*4 


figure given for inagglutinable non-mannitol-fermenters (443) caimot 
bo accepted unequivocally. It will bo recalled that only 304 of these 
443 strains were actually received and found suitable for detailed 
study, and that not all of these were in fact dj’sentery bacilli. If our 
series of cultures was representative, then 310 of the 443 so-called 
inagglutinable non-mannltol-fermcnters would have been genuine, 
giving an over-all incidence of 1*7 per cent., but this is mere conjecture. 

Relative frequency of types in the non-mannitol-fermentiwi aroun 
This is .sot out in table Hr. 


Pathogenicity 

Boyd (1940), that to satisfy the so-called postulates of Koch is a 
matter of pecuUar difficulty in the case of the dysentery bacilli, and 
these difficulties have been increased rather than lessened by the 
introduction in recent years of more refined and specific oultine 
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media. It is just because of this that many of the older accounts 
of cases and even of epidemics of clinical dysentery duo to “in- 
agglutinable Sliiga bacilli” and the like cannot be accepted 
unreservedly. On the other hand the evidence of pathogenicitj 
presented by Dudgeon and Urquhart (1919) and Mohamed Ali (1038) 
for the “ Para-Shiga (~) ” strains, by Silva (1943) for inagglutinable 
organisms of the Shiga-Sclimitz type, by Christensen and Gowcn 


Table TV 

Relative frequency of serological types among 217 strains of 
non-mannitol-fcrmenting bacilli 


Type 

No. of strains 

Type 

No. of strains 

Q 1167 

37 

Q 464 

16 

Q 1039 

23 

Q002 

4 

Q 771/MoDiamiid 

103 

A 12 

8 

Mixed 95 


B 81 

7 

McDiarmid 8 


P 25 

19 


(1944) for some late arabinose fermenters, by Gober, Stacy and 
Woodrow (1944) for “ a new type of non-mannitol fermenting 
Shigella”, by W. H. Ewing (personal communication) for certain 
strains isolated irom the U.S. forces in the Mediterranean area, and 
particularly by Archer (1933), Large and Sankaran (1934), Boyd 
(1935) and Sachs (1943) for Indian strains of non-mannitol-fermenting 
organisms, leaves little doubt of the setiological importance of suA 
strains in dysenteric infections. 

In the Middle East the evidence that can be brought forward is at 
best circumstantial and confirmatory, for it must bo remembered 
these cases were occurring in an active theatre of military operations- 
In consequence it was rarely possible to follow a case tluoughout Ws 
infection, or indeed even to examine him personally. The following 
points do, however, seem worthy of emphasis. 


1 . Although throughout the period under review numerous so 


■called 


normal stools were being examined routinely in the control of coo » 
and foodhandlers, these organisms have been isolated only “O® 
pathological stools from cases of dy^sentery or diarrhoea, and in some 
instances the infection has been severe. Sufficiently full details m'f 
been obtained from 119 of the 217 ^Middle East cases to ghe soin^ 
idea of the type of disease with wliich the various organi-sms 


been associated (table V). j 

2. Apart from B 105, all of Sachs’s types have been 
in the Middle Bast, although their relative incidence has dine 
from that reported in India. Moreover, it is luioum that ccr a 
Sachs’s types have been isolated from cases of clinical dysen 
West Africa (N. Martin, personal communication), and a s 
recovered from a case of dysentery in Eabaul in Acw Guinea an 
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to me by Major Backhouse. A.A.M.C., proved to belong to type 
Q 1107. The one new type — F 26 — ^not defined by Sachs, has since 
been identified as the presumptive cause of an epidemic of institutional 
dysentety among infants in Bngland. (I have to thank Dr D. M. Stone 
for sending me these strains.) Two small outbreaks of dysentery were 
also studied in the Middle East in which the only abnormal organisms 
were Q 1030 and P 25 respeotivoly, and these organisms were found 
consistently in the affected eases. 

Tadue V 


Nature of infection produced by 119 strains of non-nutnnitol fermenters 


Organism 

>’ 0 . of cases 

Type of esndate 

■QgQBBH 

BacUUry 

Indefinite 

NU 

UJId 

Moderate 

BB 

Q1I67 

20 

17 

3 

0 

2 

mm 

s 

Q 1030 

11 

8 

3 

0 

7 


0 


1 

0 

1 

0 

1 

0 

0 

(3 771 

67 

51 

14 

t) 

56 

10 

1 

Q 454 

7 

3 

4 

0 

7 

0 

0 

A 12 

3 

3 

0 

0 

3 

0 

0 

B81 

2 

1 

1 

mm 

2 

. 0 

0 

V 25 

8 

7 

1 

11 

5 

3 

0 

Total . . 

no 

00 

27 

2 

83 

29 

7 


Two of those coses showed multiplo mfections, one with E, histolytica and Q 1030, 
the other with Bact* dysentsrits Flesner and Q 771 : both hod a bacillary type exudate 
and both were described os having moderately severe infections. 


It is felt that these observations, although admittedly inconclusive 
in themselves, materially strengthen the case for regarding these 
organisms as true pathogens, capable of producing dysentery in man. 

Discussion 

The first attempt to classify the dysentery bacilli (Hiss, 1904-05) 
made use of their action on mannitol ns a primary criterion and this 
has since been generally adopted. It was soon realised, however, 
that the mannitol-fermenting strains represented a complex mixture, 
which could not bo sorted out merely by recourse to further fermenta- 
tion reactions (Kruse et al., 1907). More precise classification seemed 
to depend upon an antigenic analysis of the organisms (Murray, 
1918 ; Gettings, 1919 ; Andrewes and Inman, 1919), and tins was 
indeed the method finally employed by Boyd (1940) in his definitive 
studies. As for the non-mannitol-fermcnters, it was long bebeved 
that Bad. dtjscnterice Shiga was the solo representative, and even 
with the recognition of-Baef. dysenieria: Schmitz as a separate species 
(Schmitz, 1917 ; Andrewes, 1918) a new classification on serological 
grounds, though perfectly feasible, was scarcely necessary, for the 
two organisms could bo readily differentiated by testing for their 
abih't 3 ’ to produce indole and by their action on rhamnose. 
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Now, however, the position has entirely changed. At least nine 
new tj^pes of dysentery bacilli, concerning whose relationsliip to the 
disease there can be little doubt, haA’-e been identified and defined, 
and none can be differentiated by biochemical reactions from Jiacl. 
dysenterim Sliiga or Bact. dysenterice Schmitz. Unfortunately, apart 
from the Indian and Mddle East strains (and to a lesser degree tlie 
West African) no correlation between the various new species has so 
far been attempted ; but before any new classification is embarked 
upon, some cross identification seems to be essential. It is tnio that 
in the Middle East these organisms comprised at most only 2 per cent, 
of aU the dysentery bacilli isolated and 9 per cent, of the non-mannitol- 
fermenters, but they appear to be sufficiently widely spread to justify 
their inclusion in some new scheme. Obviously they cannot be 
classified simply as varieties of Bact. dysenterim Shiga and Bad. 
dysenterice Schmitz, but, with the exception of Sachs’s Q 1030, they 
might Avell be grouped together as specific types of Bact. iyscnltrk 
parashiga and Bact. dysenterice paraschmitz. Q 1030, on the other 
hand, does not fit readily into such a scheme, and vill probably have 
to stand on its own. 


SnAEMARy 

1. Certain strains of non-mannitol-fermenting bacilli isolated from 
cases of dysentery and diarrhoea in the Middle East have been 
described. 

2. In addition to 221 cultures of Bact. dysenterice Sliiga 

of Bact. dysenterice Schmitz, 304 unidentified cultures wore studieu, 
of v'hich 217 appeared to be true dysentery bacilli. 

3. These dy’^sentery organisms could be classified into 3 groups > 
their cultural reactions in glucose, dulcitol and peptone water. 

4. Of the 8 serological tyrpes described by Sachs, 7 were identi 

in the present series ; 19 strains not belonging to Sachs’s types vere 
shown to belong to a new serological type. ^ 

5. Some evidence of the pathogenicity’’ of these organisms 
been produced. 

This study could not have been undertaken without tlie co-operntion 
large number of pathologists, in the Jliddlo East and elsewhere, to nil o w 
I offer my sincere thanks. I should also like to place on record my inde 
to Colonel J. S. K. Boyd for much advice and encouragement, and to . rs 
Robinson for technical assistance. 
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A HISTOLOGICAL STUDY OF THE LUNGS OF MICE 
INFECTED WITH TYPHUS RICIOETTSIA3 

W. Nyka 

From a Military Laboratory 

(Plates XXXVni-XLI) 

Since Castaneda (1938, 1939) first succeeded in infecting mice with 
typhus by the intranasal introduction of suspensions of riekettsiie 
into the lungs, this method has been used as a routine for growing 
the typhus virus. In subsequent years mice have been inoeulated 
in large numbers, yet little has been done to establish the nature of 
the inflammatory process caused by the rickettsice or to see what 
appearance these organisms have within the lesions they provoke. 
Indeed, in the literature of typhus, so far ns it is obtainable at the 
present time, no histological study of the experimental pneumonia 
in mice infooted with typhus could be found. It therefore seemed 
worth while to undertake suoh a study and to try to determine the 
anatomieal basis of this type of e.xperimental typhus in animals. 

Methods 

The suspozisioa used for the iafection of the animals was prepared as 
follows. The lungs of mice killed with chloroform on the third or fourth day 
after inoculation were ground up with 10 per cent, of sorum-broth in the 
proportion of 2-4 c.c. per lung. The suspension thus obtained was spun down 
for five minutes at 1000 r.p.m. The supernatant fluid was removed and used 
either fresh or after storage at —76* C. in a mixttire of alcohol and solid carbon 
•dioxide. Tlio dose used varied in quantity as well as in concentration. Certain 
batches of animals received 0*05 c.c., some 0*076 o.c. and others 0*1 c.c. of 
full strength suspension. Sometimes the concentrated suspension was diluted 
with an equal volume of 8orura*brotb. Three murine and seven epidemic 
alrains were used in this study. 

The nxicQ recover from the combined effects of anjosthetic and inoculation 
withm 3 or 4 hours and show no symptoms until a few Ijours before death, 
wljen the respiratory rate increases, a bronchial type of respiration develops, 
the fur becomes -ruffled and the response to external stimuli trreatlv diminwh«d 
Fir""** ’ 

•of . 

cod . . -e, ...o vui.uuuii Huiges oi evolution of the lesions, leading to almost 

complete hopatisation. 

Jliciwcopical sections for the demonstration of rickotteim in the lungs were 
prepay cither by the method pravioualy described (Nyka, 1944) or an im. 
proved method, stUI however oitporimental, carried out at present as follows. 

Jonuf. 07 fATO.— TOL. VTU S17 
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1. Fix in 10 per cent, neutral formol. 

2. Stain for 30 minutes to 1 hour in 1 ; 10,000 aqueous methyl ^^olet. 

3. Differentiate in weak acetic acid (2 drops of glacial acetic acid in 100 ml. 
water), controlling the differentiation microscopically iintil cell cytoplasm u 
unstained. 

4. Counterstain with 1 : 10,000 aqueous metanil yellow for a few seconds, 

5. Dehydrate with acetone, clear in xylol and moxmt in DPX 4 monntmc 
medium (Media Manufacturing Centre) or in Xam (Gurr). 

For showing the histological changes-in the lungs sections were stained with 
hcematoxylin and eosin. 


Morbid anatomy 

To obtain a good view of the pleural cavity, the thorax of tlie 
mouse is opened from the dorsal aspect. In mice wliich die 
spontaneously the whole lung is dark red, considerably enlarged and 
entirely consolidated, with a moist smooth surface. There are no 
pleural adhesions but very often the pleural cavity contains a small 
quantity of yellow sero-fibrinous fluid. In mice killed with chloroform 
the picture is somewhat difiierent, and after examining several bafcto 
of fifty animals, lesions in various stages could be made out. 

In animals with severe lesions the consolidation involves tte 
whole Ivmg, only part of the edges of the lower lobes being still 
aerated. In those with slighter lesions consolidation is limited to 
the upper part of the lung, while the base is congested only, or 
congested and studded with a variable number of foci of consolidation. 
Usually both Ivmgs present the same degree of involvement, but 
about 5 per cent, of the large number of mice examined show unilateral 
consolidation, the other lung being congested and the site of a fev 
large or of a greater number of small foci of consolidation. Usualh 
the left lung is the more severely affected. The degree of consolidati^ 
varies and the demarcation between consolidated and non-consoHdateu 
lung may be either sharply or ill defined. Lack of definition is due to 
the presence of a transitional area of partial consolidation. I” ^ ^ 
lumen of the trachea a small quantity of sero-fibrinous fluid is foim 
and the mucosa of both trachea and large bronchi is marke y 
hyperaemic, deep red and velvety. 


Morbid histology 

Within the congested but non-consolidated lung (fig. 1) the mo 
striking change is dilatation of all blood vessels, but mainlj o 
capillaries of the alveolar walls. The epithelial cells lining t e u 
are somewhat swollen, causing narrowing of the lumen, bim 
gestion with only sbght swelling of the alveolar cells 
whole lobes, which show no consolidation. Usually' in a ci 
simple congestion, patches of consolidation are found ' tyj. 
essentially of thickened inter-alveolar septa and a varja ) e n 
of leucocytes. 
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Plate XXX\^II 


EKTLniMnKTAL TYPHUS P^TTMOKIA IN SUCE 



Tio 1. — rpulomio typhus Marked conf»cst»on. Fig. 2.— Murino tj-phus. Congestion, 
Hn mi\to\>lin and oosm. x70. 'uth CMidate. Hfomntoxyhn nnd 

posin X 70. 



i*! ■ 



Tit. T Miinm' tjphii« Conijilc*!o con- 
poluluKin. cau-'fxl inninlj lij evtillinir of 
till' aUtoliir rcll** l!n innloxjlii* ni«l 


^ 70 



Fio 1. — Murmo tj 7 >}ius. Cornplcto 

enn^olulation, showing fiuclhng of tlio 
jtUcolar cells nml cxiulnto lilling the 
nl\eoh. H».mato\jlinniuUosin y 70. 



experimental TEFBVS pneumonia in mice 319 

Consolidation of the lung may be brought about either by an 
inflammatory cedema (fig. 2) or by svrelling of the alveolar epithelinra, 
while desquamated alveolar cells and occasionally a variable number 
of leucocytes are present in the lumen (fig. 3). Although lesions of 
the latter type may involve a lobe or even a whole lung, they usually 
coexist with lesions of the exudative type (fig. 4). Within the con- 
solidated parts of the lungs the alveolar cells frequently undergo 
degenerative changes characterised by nuclear pyknosis. Later the 
cells break down and nuclear debris can be identified amongst the 
alveolar contents. 

Lymphocytes and plasma cells, and especially polymorpho- 
nuclear leucocytes, are scattered all over the lungs, particularly in 
their consolidated portions. They occur individually or in small 
groups within the thickened inter-alveolar septa and in the foci of 
consolidation. Monocytes, sometimes mixed with a few polymorpho- 
nuclears, are particidarly numerous around vessels and bronchioles, 
where they form thick cuffs. 

Lesions of the bronchioles vary-. In some animals only slight 
congestion of the mucosa is seen ; others show signs of acute catarrh 
with mucosal congestion and abundant secretion, sometimes contain- 
ing masses of leucocytes. Occasionally desquamated alveolar cells 
or degenerated bronchial epithelial cells can be seen in the lumen. 

Lesions of the pleura run parallel with those of the underlying 
lung. Over slightly inflamed non-consolidated lung the pleura appears 
almost normal, but over the consolidated portions the endothelial 
cells, considerably enlarged, show marked vacuolar degeneration of 
the cytoplasm, with lysis of the nucleus, which may lead to their 
disappearance. 


RlCKElTSIiE 

Rickettsire are seen as fine dots, cocco-bacilli or tiny rods, varying 
very much in size, the dots from the extreme limit of resolution to 
granules easily seen under the oil-immersion objective, the cocco- 
bacilli from oval granules to short rods, the rods attaining a length 
of two microns. The extremities of both cocco-bacilli and rods 
are rounded. Quite often the rods are narrowed in the middle 
and look like tiny diplococci. Sometimes they ore united to form 
short chains. They may contain granules of slightly greater diameter 
than that of the bacillus, resulting in a beaded appearance. Rickettsim 
may bo seen outside or inside the colls ; the extracellular and intra- 
cellulai groups will be considered separately. 

Extracellular ricketisim 

^ These may bo found individually, in elumps, in large groups or 
m voluminous masses. IndiWdunl rickettsias are best seen in alveoli 
or bronchioles filled uith exudate, in which they- occur in large numbers 
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(fig. 5). In other alveoli filled with inflammatory mdema the rickottNi't: 
are not found individually but in clumps, wliich may be small, composed 
of only a few organisms, or as large as the nucleus of an alveolar cell 
(fig. 6). They are irregular in shape, with projecting edges, (lie 
organisms composing them being arranged loosely or densely. Very 
often individual richettsiae and cliunps coexist in the same alveolus, 
the former numerous in the middle, the latter disposed mainly in the 
neighbourhood of the alveolar wall. In heavily infected lungs (lie 
rickettsiae form large groups (fig. 7) or even voluminous masses (fig. 8). 
The size and shape of these structures varies greatly, the largest being 
easily seen at low power magnification. The limits are cither sharp 
(fig. 8) or ill-defined (fig. 7) : in the latter ease individual ricketlqi’ 
are found at the periphery. 


Intracellular rickettsios 


The intracellular rickettsi® can be seen in several kinds of cells 
in the infected lung, but, since they are particularly numerous in (he 
alveolar cells, these will be described first. In heavily infected lung’ 
there is scarcely an alveolar cell which does not contain rickettsisf, 
but the number of organisms present varies greatly. Only tt'’ 
cytoplasm is infected and if the organisms are few they can b- 
distinguished as cocco-bacilli or rods identical in all respects wtk 
those described in the exudate (fig. 9, d and e). In other cells tb 

rickettsi® are so numerous that they almost fill the cydoplasm, 

■ •. In 

cdo- 
that 


yet other cells are literally stuffed with them (fig. 9, a, b 
some cells the rickettsial masses are situated in the peripheral 
plasm, the nucleus being pushed to one side and flattened, so 


the cell takes a signet ring form. 

In other cells, instead of being scattered all through the cy(oplasro> 
the organisms develop in one or several spots, forming well deSuf^ 
granular structures of regular shape and sharp outline. Usually roiiu 
or oval, they may be triangular, fusiform, pyriform, beaded or ^ 
lateral protuberances (fig. 10). Their size is variable, some Ki'k 
the size of a blood platelet, others so large that two or three of t fW 
fin the cyiioplasm of the harbouring cell. In certain cells ^ 

whole clusters of these granular structures, pressed closely ag*^ 
each other and only separated by fine but distinctly visible clear 
(fig. 9,/, g and h). The rickettsi® composing them are so closely 
that they cannot be seen in their whole length. Xotliing resem 
a limiting membrane has been seen at the peripheiy of these | 
bodies. Within non-consolidated lung, single rickettsim are ovi 
in or among the cells of the thickened inter-alveolar septa ( 
and any existing granular bodies protrude into the lumen 
alveoli (fig. 1 0). Within consolidated lung, organisms lie cit 
the cells, singly or grouped in fine strands, or inside the cc 
the disrupted alveoli (fig. 12). 
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ExPErAME^TTAl. ‘ITPinjS TSELJMONIA >UCC 



Fio. 5. — Jlurino typhus. XumorousrickelUw 
lying singly in the exudnte filling the dis* 
riipteil nlveoli. Fine clots, cocco-bacilll ond 
tmy rods can be seen. Richettsial staining, 
improved method. xl2o0. 



— Muriup t^*ph\is. Group of rickettsise 
w hero tho organisms can be seen individually. 
Same method. X2100. 



Fio. 6. — Idiirino tj'plms. Clumps of rickettsi® 
ill the exudate filling tho disrupted olveoU. 
In the lower p.irt n triangular cluster and 
numerous nckettsise, both extra- and intra- 
cellul.or. Same method. X1250. 



Fic, 8 — Murine typhus. Denso mass of 
rickottsia? in tho consolidated lung. Same 
method. xl250. 
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Plvtc XL 


ExPERI^raNTAL TiPIIUS PNIJUMOMA IV MICE 



ic 0 (a, b mid c) Ulnrine tjphuh \hoolnr cells of ^n^^ous Rhnpts Mith the 
cytoplasm uniformly filled svitb ncl ettsiT) (d and o) Nlnrme tj^phus Alveolar 
ccl a containing loss numerous rickettsix and showing the mdiMdiml organisms 
Some tiny e-<tracollular rods besido tho cell m (e) (f g and h) Epidemic typhus 
A \eolar colls packed with rickettsial masses separated into clusters by diitinctly 
Msible clour Imcs Same method a, b, o, d e x UoO fgh X700 


I'm 




% 



y?; 


Same method 


XUdO 
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The epithelial cells of the bronchial tree are the second type of 
cell commonly involved. In moderately infected lungs one sees 
scarcely a section of bronchus or bronoliiole without at least one 
or more infected cells, sometimes in groups, while in heavily infected 
lungs there are bronchioles of wliich all the epithelial cells are filled 
with rickettsife. Tj'pical clusters are not seen in the bronchiolar 
epithelium. 

In striking contrast with the alveolar and bronchial epithelium, 
the polymorphonuclear leucoc3de3 contain only small numbers of 
rickettsiae. In the cytoplasm of most of these cells single cocco-baoilli 
or tiny rods can be found in varying numbers, but they are never 
numerous enough to fill the cytoplasm. Infected polymoiphs can be 
found in both consolidated and non-consolidated lung, being more 
munerous in the former. They are seen wth particular distinctness 
inside the bronchioles, wliere they may form masses filling the whole 
lumen. 

Although most of the mesothelial cells of the pleura covering 
non-consolidated portions of the lung are normal, the swollen and 
enlarged cells covering consolidated lung are usuallj’- infected with 
rickettsiae. In some, the cytoplasm is uniformly filled with organisms ; 
in others they form round, dense granular bodies similar to those 
described in the alveolar cells but usually more numerous and smaller. 

It is interesting to observe that the oufBng by mononuclear 
leucocytes of the blood vessels and bronchi already mentioned is 
associated with the presence of both intra- and extracellular rickettsiae, 
the former lying within the alveolar cells scattered amongst the 
monocytes. In thin-walled vessels the rickettsial masses may lie very 
close to the endothelium, which, however, is seldom infected. Although 
m certain lungs one can see the endothelial cells of blood vessels 
filled with homogeneous masses of rickettsiae or granular masses of 
the organism, on the whole it may be said that lesions of the vascular 
endothelium in infected mouse lungs are exceptional. This is in 
contrast with the widespread involvement of vascular endothelium 
m ^inea-pigs described by Wolbach el al. (1922) following the intra- 
peritoneal injection of riokettsia-containing material. They concluded 

at the rickettsiae of typhus had a particular affinity for the tissues 
of the vascular system. 

On examination of lungs infected with murine or epidemic tj-phus 
one IS struck^ by the great difference in the number of rickettsire 
present. Individual mice show much variation, but as a rule the 
organisms are three or four times as numerous in lungs infected with 
fflunne as in those infected with epidemic t 3 ^hus. This seems to 
s ow that although they will grow in mouse lung, this forms a less 
avourablo medimn for epidemic rickettsi® than for those of murine 
jp us, which are well adapted to the environment. 

H worth mentioning is that the granular bodies are larger 

o much more numerous in lungs infected with epidemic typhus. 
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This contrast is particularly striking berireen the epidemic slrain 
“ Algiers ” and the murine strain “ Port Said ”, both at present 
highty virulent. There are no noticeable differences either in the 
morphology of the rickettsire or in their behavioiu- in the lesions thev 
provoke if the mice are given the same size of inoculum and if the 
strains compared are of equal virulence. In two series of mice infected 
TOth an equal dose of rickettsial suspension, one murine and the 
other epidemic, the type and extent of the lesion were the same, 
despite the smaller number of riekettsim found in the lungs of the 
animals infected with epidemic typhus. 

Discussion 

Nature of the inflammatory process 

By the method of infection used, the lungs are flooded mth 
rickettsise and, from the start, a massive, diffuse inflammatory process 
involves large portions of the lungs, particularly their upper parts, 
in which no individual foci can be distinguished. Within the 
transitional area between the consolidated and non-consolidafed 
portions, however, small foci of consolidation with numerous rickottsfr 
are frequent. These spots increase in size and, reaching the con- 
solidated area, contribute to the extension of consolidation, a feature 
which rickettsial bronchopneumonia has in common with bacterial 
bronchopneumonia. 


Absence of secondary infection 

Although hundreds of lungs with rickettsial bronchopneumonia 
have been examined, in none has any histological evidence of secondaw 
pyogenic infection been found ; no cultural studies were made to 
confirm this finding. This is most surprising, since many of the lunp 
examined came from mice which had died spontaneously and in which 
the lungs were not fixed until several hours after death. 

It is impossible to explain this phenomenon by the action o 
the sulphathiazole which w'as injected into some of the animals intra- 
peritoneaUy shortly before inoculation (0-2 c.c. of a 4 per cert . 
suspension), since the majority of the animals had received no sn'p 
thiazole. The more likely explanation is that the growing rickctt'jU'c 
inliibit the development of a secondary bacterial flora. 


Morphology of ricketlsicc 

Of the four different morphological tjqies of rickettsire 
by Wolbach in lice (dots, cocco-baeilli, tiny rods, long threae '1 
the first three are commonly found in mouse lungs. 
rods two or three times as long as tlie average rods occasiona j 
in lungs infected with riclcettsi® of murine type. Long t uca 
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great numbers both intra- and extracellular, coexisting with th^ 
usual type of rickettsire, have been seen only twice in lungs of mice 
of the same series infected with louse-borne typhus. In well stained 
sections the dot-shaped riokettsice are never seen in large masses and, 
if numerous, are usually associated with the other t 3 rpes. This show^ 
that staining is of the utmost importance in the study of the morphology 
of typhus rickettsim and suggests that the differences in morphology 
between rickettsije in mice and those in lice — in which the large 
epithelial cells of the gut are stuffed with innumerable fine dots 
(Wolbach, Todd and Palfrey, 1922) may in fact be due to the staining 
technique and therefore more apparent than real. 

Development of riclcettsim 

It has been shown that, in mouse lung, rickettsi® can be found 
both outside and inside the cell, and may occur individually or in 
conglomerations, This being so, the question arises whether rickettsise 
can develop only inside the cell and what is the biological significance 
of the conglomerations. It would seem that in mouse lungs rickottsiae 
develop best inside certain cells, particularly the alveolar cells and 
epithelial cells of the bronchial tree. The septal cells of the alveoli 
as described by Gazayerli (1936) and others possess marked phagocytic 
powers which may well be responsible for the occurrence of rickettsi® 
within them, but tliis mechanism cannot be invoked for the presence 
of equally numerous rickettsi® in the other lining cells of the alveoli 
and bronchiaf tree. Once witliin the cell, the organisms are not 
destroyed but find therein a medium particularly favourable to their 
development. As for the conglomerations of rickettsise, both extra- 
and intracellular, these seem to be centres of development of the 
organism. It may be supposed that, increasing in size, the clumps 
merge mto each other and give rise to groups and masses. If that 
hypothesis is correct then it must be admitted that typhus rickettsi® 
can grow not only inside but also outside the cell. 


SOMiVIABY 

^ 1. An anatomical and histological study of the changes produced 

m the lungs of mice by the intranasal inoculation of rickettsi® is 
reported. A bronchopneumonia results, consolidation being brought 
about either by the swelling and desquamation of alveolar cells or by 
inflammatory oedema filling up the alveolar spaces or by a combination 
of these processes. Leucocytes do not play a uniform or consistent 
part in the process, 

' 2. Kickettsi® occur as dots, cocci-bacilli or tiny rods both extra- 
and intracellularly. In the former situation the 3 ’' occur either 
individually or in clumps, large groups or voluminous masses ; in the 
latter, predominantly within alveolar cells and bronchial epithelium 
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but also inside poljTnorphonuclear leucocytes and mononuclear cell?. 
Within the alveolar cells they occur as diffuse masses or as granular 
structures. 

3. Although the histological lesions are identical with both murine 
and louse-borne strains of typhus, rickettsiffi are much more abundant 
in lungs infected with murine strains. 

4. The lack of histological evidence of secondary infection is 
emphasised. 

5. The morphology and development of rickettsise are discussed 
and the possibility of the extracellular growth of these organisms is 
admitted. 

I wish to express my indebtedness to the Director of Pathology, Army 
Medical Services, for the opportunity of worldng in a railitniy laborntor}’, and to 
Professor Nowakowski and his successor. Colonel Szczodrowski of the Polish 
Ministry of Health, for their interest and financial help. 
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FACTORS IN^LUENCaNG THE PRESERVATION 
OF STORED RED CELLS* 

J. F. Lotrrrr 

From the tS.lI'. London Blood Supply Depot 

Stored blood has proved of incalculable value both for emergency and 
for routine transfusion purposes. In practice it is as effective as 
fresh blood for supplementing the deficient blood volume in cases 
of shock and the number of biologically functioning red cells in cases 
of ansemia. The vast majority of blood transfusions are given for 
one or other or both of these reasons. The factors wliich influence 
the length of time for which blood can usefully bo stored are largely 
unknown. It is generally agreed, however, that thermostatically 
controlled refrigeration is beneficial. Increased knowledge of the 
effect of other physical and chemical phenomena is needed. Hitherto, 
these problems have been investigated almost exclusively in vitro 
by observing the effects of storage on various physical and chemical 
properties of the blood — the fragiUty of the erythrocytes to hypotonic 
saline, the rate of spontaneous hsomolysis and of potassium diffusion, 
glycolysis, phosphorolysis and so on. In the last few years, however, 
it has been shown by biological methods that most of the conclusions 
drawn from the methods of examination tn vitro were largely invalid 
when applied in vivo. 

The biological methods depend upon serological or physico-chemical 
differences between the transfused stored blood and the blood of the 
recipient. The donor blood can thus be identified in the recipient 
and its survival determined. Red cells of a heterologous but compatible 
blood group, or red cells containing radio-active iron are used as the 
donor blood. By these satisfactory methods limited investigations 
only have been made. Wiener and Schaefer (1940), Bushby et al. 
(1940), Maizels and Paterson (1940), Belk and Barnes (1941), Belk 
and Rosenstein (1942) and Denstcdt et al. (1943) have reported results 
of red cell survival of blood stored in a small number of preservatives. 
Jlollison and Young (1941-42), in a more extensive survey, compared 
the results with a larger number of preservatives. All these workers 
used modifications of the original Ashby (1919) technique. Rosa and 
Chapin (1943) have reported preliminary experiments using stored 
blood ** marked ” with radio-active iron. The two methods give 
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but also inside polymorphonuclear leucocytes and mononuclear cel!?. 
Within the alveolar cells they occur as diffuse masses or as granular 
structures. 

3. Although the histological lesions are identical TOlth both murine 
and louse-home strains of typhus, rickettsiaj are much more abundant 
in lungs infected with murine strains. 

4. The lack of histological evidence of secondarj’’ infection i? 
emphasised. 

5. The morphologj’’ and development of rickettsire are discussed 
and the possibility of the extracellular growth of these organi.sms is 
admitted. 

I wish to express my indebtedness to the Director of Pnthologj’, Army 
Medical Services, for the opportunity of working in a military laboratory, and to 
Professor Nowakowski and his successor. Colonel Szczodrowski of the Polidi 
Ministry of Health, for their interest and financial lielp. 
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6 parts of citrate. In one experiment, to four such mixtures ono 
part of 16 per cent, glucose, 15 per cent, xylose, 15 per cent, arabinose 
and 0-26 per cent, ascorbic acid respectively was added. The corre- 
sponding spontaneous hsemolysis figures after 28 days were 1-4, 3, 
3 and 3'3 per cent. In the other experiment, to six such mixtures 
one part of 15 per cent, glucose, fructose, sucrose, galactose, lactose 
and matmitol respectively was added. The spontaneous hsemolysis 
figures after 28 days were 2, 2, 2-6, 3-5, 4 and 10 per cent, respectively. 


Discussion 
The inethods 

Bfitimoh'on oj red cell atiruival. In this laboratory the modifications of the 
Ashby method used have given coneistent results. Individual coimts on the 
same sample agree to within ±5 per cent, when 1000 free cells are counted. 
In any single case, therefore, when fresh or well preserved blood is transfused 
the figures obtained for survival at various intervals after transfusion, when 
plotted graphically against time, fall roughly on a straight Ime (c/. Brown et at., 
lOiil. Poorly preserved blood is eliminated rapidly at first. The rate of 
destruction is then slowed and an obtuse angled or curved graph is obtained. 
The reliability of the method is attributed to the uso of sera with a very high 
titre and avidity, xised at the optimol dilution recommended by Mollison 
(1944). The high titre sera used showed a zone phenomenon and the optimal 
dilution of the serum was often as high as 1 : 32, Blanlc counts of inagglutinable 
cells wore frequently below 10,000 per c.mm. and always below 60,000. 

The method of calculating the proportion of cells surviving is open to 
criticism, as the cells destroyed daring the actual time of the transfusion are 
not estimated. The results, therefore, probably give too optimistic a figure for 
cell survival. Mollison and Young (1941-42), however, state that only in the 
case of a few of the samples of stored blood, which later underwent rapid 
destruction, is the concentration of donor cells appreciably lower than expected 
in the sample taken immediately after transfusion. Calculation of the number 
of cells destroyed during transfusion could have been determined directly by 
an accurate estimation of the recipient’s plasma volume before and after 
transfusion and by estimating the total number of cells transfused. This, 
however, was not considered practicable. Alternatively, calculation of tho 
number of cells destroyed from estimations of pigment production during 
transfusion was not considered feasible because of the varying rales of bilirubin 
excretion by the liver in different subjects. It is considered that standardisation 
of the type of recipient and of the amount and time of transfusion gives a fair 
basis for case to case and group to group comparison. This is also confirmed 
by tho results obtained with tho radio-active iron method of following red cell 
survival. 

Spontancoiis htBmohjsia test. This crude method was considered adequate 
for tho purpose. Spontaneous hemolysis testa have only a negative value for 
determining the preservation of erythrocytes. It was used to sort out potentially 
good solutions from inferior ones. 


The results 

The effect of pH. Tho findings of Loutib ct ah, that certain citric 
acid-tri-sodium citrate-glucoso solutions were better preservatives 
than comparable tri-sodium citratc'glucose solutions, suggested that 
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the change to a lower plasma pH aided preservation. The present 
more extensive experiments support tliis hj^othesis. In the c,vc‘ 
of the tri-sodium citrate-glucose preservatives the improvement not(\i 
with progressive dilution (series VII) may he referahle not to the 
dilution itself but in part to the associated slight drop in pH. Maizek 
(1943-44), in discussing the effect of citration of blood, has pointeJ 
out that citrate causes a chloride shift from cells to plasma by nrtue 
of its alkalinity and of the dilution of plasma chloride. As potassium 
and sodium ions are initially non-penetrating, hydrogen ions accompany 
the chloride. This results in a slight shift of the plasma pH towards 
acidity. Increase of the volume of the plasma phase by water whose 
osmotic pressure is sustained by non-electroljde or an electrolyte whose 
ions are relatively non-penetrating will thus cause penetrating anion « 
to leave the cell with hydrogen ions and make the external phase 
more acid and the cells more alkaline. If the beneficial effect of a 
lowered pH exerts its action on the outside and not on tho inside of 


the cells, this would explain the slightly improved preservation. 

With acid diluents (series I-V, IX and XII), with one exception, 
the most satisfactory resulted in an initial plasma pH of 7-l-7'3. It is 
probable that this represents an optimal initial pH. Solutions resulting 
in an initial plasma pH of less than 7 were on the whole less satisfacfoiy, 
though still superior to tri-sodium citrate-glucose mixtures. It b 
notable that acidification without the addition of glucose (series I) 
was as effective in improving preservation as the addition of gltico-e 
to tho ordinary alkaline sodium citrate. Glucose plus acidification 


(series II) was, however, superior to acidification alone. 

Effect of added carbohydrate. While there is general agreement 
that glucose acts as a preservative, the optimal quantities required 
and its mode of action have not been determined. MoUison and 
Young (1941-42) concluded that the effect of glucose varied with 
alteration in the amount and concentration of glucose that wa* 
added. This conclusion, however, was based purely on the finding 
of excellent preservation with the Rous-Tumer solution, where tk- 
final glucose concentration in the plasma-diluent is 2-7 per cent. 
With smaller proportions of diluent to blood no difference in preseria- 
tion could be detected with final glucose concentrations of from^ 0-6 o 
2 '2 per cent. Expt. VIII (above) shows that a modified Kous-fumer 
solution, mth a glucose concentration in 'the plasma-diluent of on > 
0*55 per cent., was just as effective as the original ^vith its 2-/ per cen^- 
glucose. There is therefore no advantage in a large excess of glucose- 

From the experiments in vitro — spontaneous hremolysis tests i- 
seemed unlikely that any of the sugars tested, except fructo;c an 
sucrose, would have any beneficial effect. Jlolllson and ou s 
(1941-42) have already shown from experiments in vivo 
is without effect. Experiments in series X (above) show that me 


also has little if any real power of preservation. . 

Maizels and Whittaker (1940) have shown tliat dcxfnn 
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spontaneous haemolysis in vitro. Preliminary experiments, however 
(JIaizels, 1941, unpublished report to the Blood Transfusion Eesearch 
Ck)mmittee of the Medical Research Council), suggested that it had little 
effect on survival in vivo and MoUison and Young (1941-42) proved 
conclusively that dextrin alone, in spite of this effect on spontaneous 
hajmolysis, had little preservative effect as judged by findings in vivo. 
Experiments in series X also show that dextrin added to glucose does 
not further improve preservation. 

The preservative effect of glucose can hardly be explained as due 
to its physical and chemical properties. If this had been the case, 
similar preservative efiects might be expected from other sugars, 
reducing agents etc. Though the rate of glycolysis in citrate-glucose 
preservatives does not appear directly proportional to the degree of 
preservation, the beneficial effects of glucose are probably due to the 
fact that it can be used in red cell metabolism. That catabolism of 


glucose is occurring is suggested by the loss of reducing power of 
both the plasma-diluent and red cells during storage of blood in both 
di-sodium and tri-sodium citrate-glucose preservatives (Loutit et al.). 

Effects of varying the proportions of blood and diluent. It is widely 
believed from the results of tests in vitro that increasing the proportion 
of diluent to blood causes progressive improvement in the preservation 
of the blood. This was not confirmed by MoUison and Young (1941-42) 
from investigations in vivo. They chose, however, as diluent isotonic 
tri-sodium citrate solution. The Rous-Tumer solution, which is the 
best example of an oxceUent preservative with a large proportion of 
diluent to blood, is hypotonic (superficiaUy the Rous-Turner solution 
IS isotonic with plasma, but as five-sevenths of it is isotonic glucose 
and as glucose rapidly permeates the erythrocytes (Klinghoffer, 1940 ; 
Maizels, 1941) it virtuaUy becomes grossly bypotonic). The present 
experiments were devised so that while the volume of diluent was 


varied the total quantity of citrate was kept constant. With tri- 
sodium citrate as anti-coagulant (series VII) progressive dilution did 
cause improved preservation, presumably, as pointed out, on account 
of the lowering of pH from the chloride shift. With the acid di-sodium 
citrate, on the other hand (series V), this did not obtain. Here, any 
chloride shift would have less effect on the pH of the external plasma 
phase, as the buffering power of citrate is greater in this pH range. 
Moreover, if the apparent optimal initial pH of 7*1 to 7*3 is a real 
factor in aiding preservation, the optimal lowering of pH is over- 
stepped. In fact the most effective solution tested had a proportion 
of diluent to blood of 1 ; 17 only. It is most unlikely, therefore, that 
^ high diluent/blood ratio alone plays any part. 

Effect of tonicity. It is usually recommended that dUuonts should 
be isotonic with plasma. There is no confirmation of this recom- 
mendation from the present experiments. Hitherto, the best alkaline 
preservatives (Rous and Turner, 1916) and acid preservatives (Murray, 
1943, unpublished report to the Blood Transfusion Research Com- 
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mittee of tlie Medical Researcli Council) were lij'potonic n?; jutkc-d 
by tbeir citrate content and neglecting the glucose. However^ a 
small volume hypertonic acid solution (series V) can be equallv 
effective and with alkaline solutions hypotonic diluents were not 
necessarily better than comparable isotonic solutions (series VI). 

Effect of final citrate concentration. Maizels (1943-44) has suggested 
that citrate, besides preventing coagulation, has another function, 
namely that of adding to the plasma a large amount of non-penetrating 
anion which acts in osmotic opposition to the non-penetrating anion 
present in the erythrocytes. Certainly defibrinated blood to which 
had been added glucose alone and glucose in 0-6 per cent, sodium 
chloride survived very poorly after one month’s storage compared 
with similar citrated blood. The present range of experiments, how- 
ever, does not suggest that there is any constant relationship between 
the preservative powers of a solution and the citrate content of the 
final plasma-diluent. There was a similar lack of correlation berircen 
preservative power and the initial sodium content of the plasma-diluent. 
The addition of sodium chloride to di-sodium citrate-glucose solutions 
(series IX) seemed to have no adverse effect. 

It would appear that, while there is an optimum pH for red cell 
preservation, the other physical and chemical properties of the 
diluent here examined can vary within wide limits with little effect 
on the preservation of the erythrocytes. Preservation of tho integrity 
of the red cell membrane and of the enzymic functions of tk 
erythrocytes would seem to be the ideal to be aimed at and preserrmtiw 
solutions should be chosen with this in view. 

Summahy 

Following transfusion of stored blood the survival of the red cclh 
has been determined by a modification of Ashby’s serological meth • 
The preservative powers of a number of different anti-coagu 
preservative solutions have been compared. 

The results indicate that an initial plasma-diluent pH of ro® 
7-1 to 7*3 is optimal and confirm that glucose has an addition^ 
preservative effect. Other physical and chemical factors o.vamiu- 
have no constant influence on the red cell preservation. 

I am indebted to Drs M. Maizels and P. L. Mollison for advice and 
to Mr E. J. Lucas for the preparation of solutions and to the Jfcdie.i 
intendent and Medical Staff of St Holier Hospital for acces-s to cases. 
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FURTHER OBSERVATIONS ON THE ADENOSINE 
EQUIVALENT OF THE BLOOD OF RABBITS 
FOLLOWING LETHAL FORMS OF TISSUE INJURY 

H. B. Stoner and H. N. Green 
F rom t/ie Department of Pathology, University of Shefjield 

In a previous paper (Stoner and Green, 1944) it was shown that in 
the rabbit, after suspension in the head-up position (“ gravity shock ”) 
and after prolonged ischajmia of the hind-limbs, there is a rise in the 
adenosine equivalent of whole blood. In the present paper an 
extension of these observations to rabbits submitted to other t 3 ^es 
of gross tissue injur 3 % namely trauma and dehydration, is reported. 
We have also determined the adenosine equivalent of the blood follow- 
ing the administration of cyanide, since a prominent feature of shock 
following limb ischromia, trauma and dehydration is a decrease in 
tissue respiration. Cole ei al. (1044) and Mayerson (1944) have shown 
that this is also true of “ gravity shock 


Methods 


Ten rabbits were submitted to sever© mechanical trauma. After two 
control specimens of blood had been taken with an inten'al of 16 mms. between 
them, the rabbit w’os anicsthetised with nembutal and given an equal number 
of blows to each thigh -with a raw-hide mallet weighing 136 g. Further blood 
samples were then taken at mtervals after the trauma. Ten control rabbits 
wore treated in a similar way except that they received no trauma. The tw’o 
experiments — control and trauma — ^^sero nm side by side to ensure uniformity 
of conditions. 

Dehydration “ shock ” was produced m 8 rabbits by the mtrapentoneal 
injection of a 40 per cent, glucose solution (see table III). Blood samples wore 
taken before and at intervals after the mjection, 

Cj’anido was administered ns the sodium salt to a senes of 7 rabbits by a 
\ anety of routes — subcutaneous, uitrnmuscular or mtrapentoneal (see table fV). 
The fmdmgs m this and the dehydration group were compared with those 
in rabbits submitted to repented phlebotomies (seo *' gravity shock ” control 
group, Stoner and Green). 

Blood samples were taken from tlie ear vein or by cardiac puncture. The 
usual practice was to bleed from the car until the peripheral blood flow became 
reduced, when resort was made to cardiac pimcture. Experimental and control 
animals were treatetl similarly. 

The method used for the detcrmmntion of the adenosine equivalent of tlie 
blood has been described previously (Dnury el al., 1937-38, as modified by 
Stoner and Green). 


JocRjf. or ritn.— vot. ivn 
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HlESXTLTS 
Traumatic shock 

The degree of trauma used led to death in all but one of the 10 
rabbits (table I). The survival times varied from 20 mins, to 0 lirs. 
Two of 10 control animals died during the experimental period as the 
result of hasmopericardium. 


Tabue I 

Effect of trauma on the level of the adenosine equivalent in the blood (adenosine 
equivalents in /ig. per ex. whole blood corrected for Hb per cent.). Gmtrd 
values shown in columns A and B 


Babbit 

DO. 

Xo. of blows 
to each thigh 

Adcnoslno equivalent (fig. per c.c. whole blood) 

Before trauma 

After trauma (time In rains.) j 

A 

B 

16 

30 

00 

90 

120 

210 

240 

2i0 

■ 

44/67 

25 




400 


320 


410 


3S0 


44/87 

40 

310 

340 

360 

D 







1 


40 

K : !■ 

m « n 


260 

D 






i 

44/68 

60 

K : fl 

B 1 !■ 

440 

D 







i 

44/59 

50 

m 1 9 

K 1 9 

390 

D 







) 

44/66 

50 

K I fl 

■ 1 9 


370 

• •• 

380 

D 





44/74 

50 

W 1 fl 


320 

D 







1 

44/93 

60 

K 1 fl 

K i 9 

360 

D 







1 


50 

E : 9 

B 1 9 


280 

290 


320 

300 

... 


ITf. 

44/115 

50 


B 


490 

D 






1 


D = died. • ■=■ Burvived. 


The only abnormal post-mortem findings were at the site of th? 
trauma. Both femora usually showed comminuted fractures, ffiih 
haemorrhage and a gelatinous exudate in the surrounding 
The autopsies were performed immediately after death and the 
traumatised muscles were judged, by clinical standards, to he tion- 
viable. The picture was very similar to that seen in man after sereK' 
trauma to the limbs. 

Hsemodilution, as judged by changes in the hremoglobin con 
centration, occurred in both experimental and control animals to sn 
equal degree. , 

It is seen (table I) that the adenosine equivalent of the 
rose to some degree above the mean control value in all 10 trauma is. 
animals. The maximum rises ranged from 6 to 95 per cent, (arcraf 
39 per cent.). In the group submitted to amesthesia 
repeated blood sampling but no trauma (table II), there was a re a n 
small rise in most of the rabbits, the maximum rise being 30 jwr 
(average 11 per cent.). Examination of the data shows tm 
^fferences between the blood values before and after trauma 
significant when compared with the corresponding values m 
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anicstlietio control group Such an increase would hai e occurred hy 
chance less than once in 100 c’ipcriments 


Table If 

EJfect of repealed blood eampling and ancc^theaia on ^^c adenosine equivalent 
in the blood (adenosine equivalents tn pg per cc whole blood corrected for 
Rb per cent ) Control values before ancesthesia shown in columns A and B 



/.dcnoelnc equivalent (fig pcrcc whole lilood) j 


Before aossthesla 

Afl*t (time In Wlos > 


A 

n 

15 

50 

00 


150 

210 

ro 

44/06 

320 

310 








44/68 

270 

250 


340 


330 


mm 

270 

44/70 

310 

310 




310 




44/73 

210 

2t0 

230 



HBi 




44/66 

330 

370 

:Km 




370 



44/92 

290 

310 


270 






44/100 

220 

210 


240* 






44}lQft 

270 

200 

260 


230 





44/110 

160 

190 


imdi 






44/114 

300 

280 









♦ Death ftom lKrinoi>ertcttrtllum 


Dehydration shod 

After the injection of hypertonic glucose the rabbits passed 
rapidly into a shock like state A greatly increased respiratoiy rate 
and terminal convulsions were prominent clinical features Seven 
of the 8 rabbits died, the majority surviving not more than 2 hours 
As judged by the luemoglobm le\el both hiemoconcentration and 
hremodilution occurred The latter finding vas unexpected and 
indicates, as would seem likely a pnon, that the condition produced 
hy the intrapentoneal injection of hypertonic glucose solution is not 
due solely to the effects of dehydration At autopsy there ivas but 
little free fluid in the peritoneal cavity but pulmonary oedema and 
small pleural effusions uere common The most striking finding ivas 
the enormous dilatation of the bowel This commenced m the distal 
end of the colon and often extended well up into the small intestine 
Scattered submucous haimorrhages were seen in the dilated mtestme 
The dilatation occurred shortly before death and was usually accom- 
panied by watery, often blood stained, diarrhcea 

The effect of this treatment on the adenosine equivalent of the 
blood IS shown m table III There was a defimte increase in C of 8 
rabbits, tinging from 23 to 77 per cent (arerage overall increase 
40 per cent ) It was previonsly found (Stoner and Green) that control 
rabbits bled m a similar nay over a period of 4 hours shoned an 
ai orage rise in the Wood adenosine cquit nient of only 12 per cent 
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Examination of the data shows that tlie increase in tlie exiTcrimontal 
as compared with the control group would have occurred by chance 
less than once in 20 experiments. 

Tabii: ni 

Effect of dehydration shock on the level of the adenosine equivalent in the He'd 
{adenosine equivalents in yg. per c.c. whole blood corrected for Hh per cent.) 


Kabblt no. 

Dose or 40 per 
cent, plucose (i.p.) 
(c.c. per kR. body 
\U.) 

Adenosine cqnlvnlent. (pg. per c.c. nlioioMooii) 

Initial level 

■ 

After Injection of glucose (time In 

1 

2 

3! 

mm 

B 

M 

44/8.5 

30 

200 

460 

D 






30 


320 

300 


300 




40 


... 

310 

... 

320 

1) 



40 


250 

D 





; 44/94 

50 


■aniM 

270 

310D 





50 

230 


230D 





44/99 

50 

270 


340D 





44/102 

60 

250 

■1 

3C0D 






D = died 


Cyanide poisoning 

It is difficult to express the results precisely, since the cyanii- 
was administered by different routes and in variable dosage in sa 
effort to prolong the symiptoms of poisoning over a long period. Tti' 
end was not achieved. The data show however that cyanide poisonin: 
was, in all 7 rabbits, accompanied by an increase in the adcno^in-- 
equivalent of whole blood (table IV). The individual increases vorf 


Table IV 

Percentage increase in the adenosine equivalent of whole bloo'l 
after varying doses of cyanide 


Kabblt no. ; 

j 

1 

Body ivdglit 
(kg.) 

Dose of XaCX (mg.) 

noutc 

1 

SiHThTd time 
(inlas.) 

I>( rccnt.ic; 

lnthcert'19-r' 

fnulvai'‘nt c* 
wliole 1 

44/91 j 

i 1-5 

11-0 (in 

S.C.] 

I 


39 

< 


divided doses) 

1 


>300 ! 




2-0 

I.P.J 

I 



44/95 

1-5 

4 -.5 

I.p. 


45 


44/96 

1-3 

7-8 

I.P.1 


9 

R 



20 ! 

I I.PJ 



44/9S 

1-3 

1 2-0 

I.P. 


120 


44/105 

1-2 

! 4-5 


■ 

10 


44/100 

1 !•“ 

[ 5-0 

■SB 

■ 

>300 

2.7 

44/107 

2-0 

5-9 


1 

20 



variable but statistical analj'sis shows that in the group 
.■juch an increase would have occurred by chance less m 
100 experiments. 
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Discussion 

When these results are considered with those previously reported 
(Stoner and Green) it becomes apparent that several different forms 
of bodily insult are accompanied in the rabbit by an increase in the 
adenosine equivalent of the blood. Although the increases foimd 
after trauma and after dehydration are not so great as those folloiving 
a lethal period of ischaimia they are statistically significant and, as 
we have already shown, they are not primarily a result of the diminished 
renal function which so often follows severe tissue injury. 

The fact that there is an increase in the blood adenosine equivalent 
in dehydration shock needs further comment, as there is no gross 
localised tissue damage in this condition. We had previously found 
(Green and Stoner, 1944) that the Injection of inorganic magnesium 
increased the severity of this and other types of shock, including 
that produced by adenosine triphosphate (ATP) and various adenosine 
and inosine compounds. We therefore suggested that the accentuation 
of the clfcota of tissue damage by magnesium might be the result of a 
disturbed balance of ATP in the tissues of the injured animal. It was 
further suggested that in dehydration shock such a disturbed balanoe 
might result from oligiemia, which, by producing a general tissue 
hjrpo-oxia, renders the cell membrane more permeable to ATP. 
The idea received some support from the finding that magnesium 
accentuated the toxic effects of cyanide. In the present work wo 
have shown that cyanide poisoning causes a rise in the adenosine 
equivalent of the blood. It would seem possible therefore that any 
severe decline in tissue oxidation leads to the release of adenosine 
compounds from the cell. Such a mechanism was previously suggested 
(Stoner and Green) to account for the rise in blood adenosine in 
gravity shock ”. It would similarly account for the rise seen in 
dehydration shock and indeed in shock, however induced, at the 
stage when severe oligtemia is present. 

An important question is whether this increase is of primary or 
secondary significance in the profound systemic changes following 
severe injury. The rises in the inorganic phosphate, potassium, lactic 
acid etc., of the blood are probably doe to the release of these 
substances from the damaged tissue and it would seem likely that 
the increase in adenosine compounds occurring shortly after injury 
>3 due to the same cause. There is the difference, however, that 
whilst the former compounds do not, on injection, produce a typical 
shock-like state, adenosine compounds, particularly the triphosphate 
(ATP), do BO. Adenosine itself has this notion, though its potency 
in this respect is only about one-third that of ATP. Moreover it has. 
been shorvn by us (in unpublished work) that the fatal shock-like 
state produced in the rabbit by the intramuscular or intraperitoneal 
injection of ATP is associated with a roughly similar rise in the blood 
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adenosine to that found after lethal forms of tissue trauma. All the 
indications are that extracellular ATP is rapidl3' broken domi by the 
tissues. Therefore either the relative^ minute amounts of the 
unchanged compound entering the blood stream are capable of 
profoimd biological efifects or these effects are initiated in some wav 
by some chemical intermediary’^ resulting from the rapid brcnkdoini 
of ATP. Such a rapid breakdown is kno\^•n to occur in one form 
of severe tissue injury’-, namely limb ischsemia (Green, 1943 ; Bolinmn 
and Flock, 1944). The relatively’- small rises in the adenosine equivalent 
of the blood following severe tissue injury may be indicative of a small 
overflow of adenosine or adenosine compounds which have e.scnpDfl 
deamination prior to their absorption into the blood stream. Tlib, 
we postulate, may be associated avith the breakdown of relatively 
enormous amoimts of ATP in the tissues, both at the site of injury and 
later, with progressive anoxia, over a mucli -ndder area. 

In what form the adenosine responsible for the rise in the adenosine ' 
equivalent exists in the blood of the injured rabbit is not yet knorni. 
It is however unlikely, even assuming that it readies the blood a? 
ATP, that it remains intact as such, for depliosphorylation by Wood 
enzymes is likely to be proceeding. In that case the tri-, di- and 
monophosphates and adenosine itself would presumably’ all contribnte 
to the increase in the total adenosine equivalent. The amoimfs 
involved are obviously small and only isolation experiment.s on a large 
scale can finally settle the point. Wliatever its chemical composition, 
however, provided it did not materially differ qualitatively and 
quantitatively from that found in the blood of rabbits Idlled by tM 
injection of ATP, the hy^pothesis that the release of ATP from injure' 
tissues might account for part of the systemic manifestations o 
severe injury’ would not be upset. 

The term shock has been sparingly used because it is rcali.sed t n , 
■whilst the systemic reactions to many different forms of tisstte injury 
may’ prove to be identical, the fact that a few symptoms and sip' 
are common to each obviously’ does not establish such an 
If ultimately it is possible to show that all the main reactions inc u 
in the shock sy’ndrome are mediated by one common factor, w 
the immediate cause of the injury, then the word shock can sa r 
used on an mtiological basis. Proof is still lacking of any' one M 
common factor. The liistamine hy’pothesis has not stood t ic e-’ 
time and the ATP hyrpothesis still remains unproved. 


StnMMARY 

1. In rabbits a significant rise in tbc adenosine s. 

• blood follows both a lethal degree of trauma to the liinc rm } 

lethal degree of dehydration by hy-pertonic gluco.so 

2. Fatal poisoning with inorganic cy’anide also produce^ a • L ^ 
rise in the adenosine equivalent of the blood. Thi-s gi'^ 
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support to the liypothesis that a decrease in tissue oxidation leads to 
the release of adenosine compounds from the cells. 

3. The possibility is discussed that a release of adenosine 
triphosphate from the injured tissue itself, followed later by a more 
general release from anoxic tissue, is responsible for some of the systemic 
effects of local tissue damage. 

We are very grateful to Jlr K. L. Smith of Boots, Ltd., for a statistical 
analysis of the data. The expenses of this research were defrayed by the 
Medical Research Council. 
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adenosine to that found after lethal forms of tissue trauma. All (b 
indications are that extracellular ATP is rapidly broken down by tb 
tissues. Therefore either the relatively minute amounts of tb 
unchanged compound entering the blood stream are capable of 
profound biological effects or these effects are initiated in some wav 
by some chemical intermediarj’- resulting from the rapid breakdoHn 
of ATP. Such a rapid breakdown is known to occur in one forai 
of severe tissue injury, namety limb ischaemia (Green, 1943 ; Bollman 
and Flock, 1944). The relatively small rises in the adenosine equivalent 
of the blood following severe tissue injury may he indicative of a small 
overflow of adenosine or adenosine compounds which have cscajtcd 
deamination prior to their absorption into the blood stream. Thl«, 
we postulate, maj’’ be associated with the breakdown of relativelv 
enormous amounts of ATP in the tissues, both at the site of injury and 
later, with progressive anoxia, over a much wider area. 

In what form the adenosine responsible for the rise in the adenodne 
equivalent exists in the blood of the injured rabbit is not yet knoan. 
It is however unlikely, even assuming that it reaches the blood n’ 
ATP, that it remains intact as such, for dejihosphorylation by blood 
enzymes is lilrely to be proceeding. In that case the tri-, di- ond 
monophosphates and adenosine itself would presumably all coiitribulf 
to the increase in the total adenosine equivalent. The amouni« 
involved are obviously small and only isolation experiments on a hts? 
scale can finally settle the point. Whatever its chemical compositioo, 
however, provided it did not materially differ qualitatively 
quantitatively from that found in the blood of rabbits killed by Ilf 
injection of ATP, the hypothesis that the release of ATP from injuir^ 
tissues might account for part of the systemic manifestation' o. 
severe injury would not be upset. 

The term shock has been sparingly used because it is realised t i . 
whilst the systemic reactions to many different forms of tissue inj'iiy 
may prove to be identical, the fact that a few symptoms am 
are common to each obviously does not establish such an 
K ultimately it is possible to show' that all the main reactions 
in the shock sjmdrome are mediated by one common factor, v la 
the immediate cause of the injury, then the word shock can 
used on an mtiological basis. Proof is still lacking of 
common factor. The histamine hy^pothesis lias not stood t m ^ 
time and the ATP hyqiothesis still remains unproved. 

iStnnrAEV ^ 

1. In rabbits a significant rise in the adenosine ^.**^\'* j,,,,} ^ 

- blood follows both a lethal degree of trauma to the bin im 

lethal degree of dehydration by hypertonic glucose 

2. Fatal poisoning with inorganic cymnidc also (fuHfr 

rise in the adenosine equivalent of the blood. T 
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GROSS DEFECTS IN THE MUSCULAR AND ELASTIC 
COATS OF THE LARGER CEREBRAL ARTERIES 

K. CuonoHAEL 

Srom the Department of PathoJogy and Bacteriology, 

Untvcrsiiy of Leeds 

(Plates XLII-XLW) 

Looausbd defects in the vrails of the larger cerebral arteries are of 
interest chiefly because they may be concerned in the pathogenesis of 
non-infiammatory aneurysms, Tliese usually take'the form of thin- 
rvalled sacs opening into the vasonlnr liunen through relatively narrou" 
necks and hence they probably owe their origin to serious circumscribed 
deficiencies in the arterial wall and not to diffuse destructive processes. 
But since the mouth of the sac, though small, is yet large enough to 
be readily visible to the naked eye, it does not appear hkely that an 
aneurysm can arise in a mural defect of minimal dimensions. In the 
present study attention has therefore been concentrated upon the 
larger lesions, since these are more likely to produce significant effects. 


I. Oevelopmcnlal defects in the muscttlar coat 

Tlie frequent ocenrrence of inborn defecta in tho rroUa of the cerebml 
vessels ■wos first demonstrate by Forbus (1028*20, 1030), vrho found areas of 
complete deficiencj m tho muscular coat of the arteries m about 75 per cent, of 
a group of over 30 normal brams. Tlio defects -were all situated at the mam 
arterial junctions or bifurcations or at the moutlis of branches, usually in tho 
angle between the di\ ergent channels ; they w ero not peculiar to adults but 
were also found m children, including seiera] babies under 12 montlis and ono 
stiibbom infant ; there was no scarring or other evidence of disease, whether 
nctne or obsolete, m the region of the For the«e reasons Forbus suggested 
that tlio defects were duo to a fault m the early development of the vessels, 
most probably to a failnre of fusion between tlie trxuscnlnr coats of the trunk 
end branches, whicli are formed mdependently of each other. He looked upon 
(iieso defects ns the primary causal factor m tho gen^is of most intracranial 
aneurysms. 

Tliese obsen-ations were confirmeeb m almost all essential particulars, by 
Voncken (1931), Kohlau (1937-38) and Schmidt (1937*38), who accepted 
Forbus’a estimate of tho origui and importance of tho defects ; by TuthDl (1933), 
who thought they were artefacts, and by Glynn (1940), who diluted theif 
deielopraental origin and questioned their relationship to aneurj'sms. 
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Most of these defects are apparently so small that tliev cAn h, 
seen only tmder the microscope, but in the present study the mine: 
lesions liave been neglected and the major deficiencies singled out tv 
the follomng method. 

Preparation.? were innclo from tho regions of tlio principal jimcticas n-! 
bifurcations of the cerebral arteries of 40 subjects, C from each rlocntc uj. : 
the eighth. Cases with meningitis or advanced cerebral atheroma were reje-vi 
but otherwise no selection wa.s e.vorcised. A complete set of preparati f.* 
should have included both internal carotid bifurcations, the main hifiirca'.: '' 
of each middle cerebral arterj', a single H-shnped preparation of tho imt'Ti-: 
communicating arterj' together with tho adjacent part.s of the anterior cerctre 
vcs.soLs, and tho upper and lower ends of tho basilar artery, hut manj' sjy-'iarr.' 
were damaged during tho manipulations and had to bo di.scarded. T1)0 \ 
were slit open with sci-ssors, flattened out on sheets of filter pajK-r, fiieJ I', 
formol-sublimato, stained overnight in a slowly-acting alum hmrnatoxylia srJ 
then washed for 24 hours in running water. Tho preparations, on ctnemai 
from the wash water, wore deep bluo in colour, with a shinj' inner surhws'.i 
a whitish woollj' zono of unstained collagen on tho exterior. Complete inuscel'..' 
defects appeared ns small areas of intense pallor, most clearlj' seen Tvlsen !l-* 
specimen-s were viewed bj* transmitted light, and in manj' specimens IWiti; 
stained areas of partial deficiency were also apparent. Small reetacr;.'-’ 
pieces containing tho defects were cut from tho propnration.s, dchycimtol ir. 
alcohol, cleared in clove oil (which seemed to make tho ti.ssuc ratlier less hnt!.' 
than tho tisunl clearing agents) and embedded in paraffin with tho Ions «•' 
of tho defect lying, ns nearly as possible, either parallol with or pcri>ondi"u*- 
to tho edge of the block. Serial sections were attempted in all cases hnt tt‘ 
tissue was always very' fragile, probably ns a result of its long immersion t. 
tho acid alum solution, and the sections wore often unfit for incnsuromcnt r-- 
served only for tho identification of tho lesion, 

A considerablo number of the pale areas seen in tho gro.ss .specimens 
to bo merely traumatic artefacts, but in tho sections thoso wero readily d.-.-- 
gui.shcd from tho natural lesions by the broken edges of the pip in the 
Others were foci of advanced medial degeneration and fibrosi.s. Hio reins-' 
had tho characters of tho des’elopmental defects described by I’orhu.s. 

Gross developmental defects in the muscular coat were 
strated in 27 of the 40 sets of cerebral vessels o.vamincd, 4S 
in all in 201 preparations from the main vascular junction' 
bifurcations. Details of their distribution are given in 
.shows that they were all situated on arteries of the carotid 
and chiefly on the middle cerebral vessels ; there were none 
basilar arteries. A few additional foci were identified at the 
of minor branches but none in other parts of the ve.s.'cl-'. - 
patches of well marked hj-poplasia of the muscularis were a ?o o 
at the arterial bifurcations, the largest being situated at t te nri^ 
end of the basilar artery* ; in these foci the inu.«cular coat 
con.sists of only one or two layers of cells and they 
a less extreme variant of the condition under consideration ( 

In naked-eye preparations of stained ve.s.scl.s foci of 
deficiency appear ns patches of intense pallor, ronghh ( 

.shape. 'X"ne area of the focus, as is apparent from the 
recorded in table II, i.s u.sually well under I ?(]• n'”'- ^ ‘ ‘ 
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Table I 

Gr<ws developmental dejecta tn the mvacular coat 0/ the cerebral artenea 
age dtstrtbution and hcation 


Age 

Intenjfll carotid 
(blTufcatlon) 

Middle cerebral 
(bifurcation) 

Anterior 

com 

mutiicani 

BasUar artery 

Totals 

Upper 

end 

Lower 

end 

night 

Lcn 

night 

Left 


— 

S 

D 

8 

D 

S 

D 

B 


S 

T> 

8 

i> 

S 

D 

8 

D 

00 

5 

0 

4 

0 

4 

1 

3 

2 

A 


4 

0 

2 

0 

24 

3 


K1 

0 

0 

0 

3 

1 

3 


K1 



0 

3 

0 

22 

1 

20 29 

4 

0 

6 

0 

5 

4 

5 

2 

5 


3 

0 

3 

0 

30 

7 

30 39 

4 

0 

4 

0 

6 

2 

5 

3 

3 

El 

K1 

0 

3 

0 

27 

U 

40 49 

3 

0 

6 

0 

4 

2 

5 

3 

4 

1 

4 

0 

2 

0 

27 

8 

60 59 

3 

0 

4 

1 

2 

2 

5 

5 

4 

El 


0 

4 

0 

26 

8 

60 69 

2 

0 

A 

0 

5 

3 

3 

3 

3 

1 

4 

0 

2 

0 

21 

7 

70 79 

3 


4 


4 

2 

4 

4 

2 


4 

0 

3 

0 

24 

9 

Totals 

■ 

B 

30 

4 

32 

17 

33 

22 

20 

4 

H 

0 

AA 

B 

201 

48 


S *= specimens oxomined D =* defects found 


Table n 

Dimensions of developmental dejecta tn tfte muscular coat 
of cerebral arteries 


Bite of defect 

Ago of 
Buoject 
(yean) 

Blmeoaions of defect 
(in znm ) 

Kight internal carotid bifurcation 

73 

06 

XO 61 + 

Left 

49 

60 

XO 56 


10 

10 

XO 30 


22 

40 

X0 38 


27 

28 

X0 27 . 


31 

0 96+XO 64 

Bight mam middle cerebral bifurcation 

43 

62 

2 14 X0 764- 
1 72+ X 0 52+ 


63 

1 06+ XI 40 


65 

04 

XO 92 


73 

0 93+ XO 90 


78 

2 00+ XO 70 


27 

1 34+X0 35 


49 

10 

XO 70+ 


52 

1 39+xO 69 

Left main middle cerebral bifurcation 

54 

i 00 

XO 48+ 

56 

0 85+ XO 84 


71 

04 

XO 48 


73 

1 20 

XO 78 + 


75 

1 90+X0 92 


78 

A AA. 

-XO 58 

Anterior cominunicatmg region j 

03 

78 

2 34 
0 64 

XO 95 + 

XO 35 


Many defects •were vma\ oidably cut m opening the vessels but when only a small 
portion appeared to bo missing tho dimensions are gi\en with a + s'gn 
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Most of tliese defects are apparently so small that tlicv r.'sn 
seen only under the microscope, but in the present study the tr.u: 
lesions have been neglected and the major deficiencies singled otil 
the follomng method. 

Propiirations vero made from tlio regions of tiio princijial jimctirns r. 
bifurcations of tlio cerebral arteries of 40 subjects, from each docaib u;i 
the eiglith. Cases with meningitis or advanced cerebral atheroma -n'oro rejn 
but otherwise no selection was exercised. A coniploto sot of prop-in,*,: 
should hove included both internal carotid bifurcations, the main btfutva* 
of each middle cerebral arterj', a single H-shaped preparation of the onfr; 
communicating arterj’ together with tho adjacent parts of the anterior o’rr' 
vessels, and tho upper and lower ends of tho basilar arterj*, but manj- Fjwhr. 
were damaged during tho manipulations and had to bo discnrdtxi. Tiie ve=' 
wore slit open with scissors, flattened out on sheets of fdter paper, fired 
formol-sublimate, stained overnight in a slowlj’-ncting alum lirematoxylin t 
then washed for 24 hours in rurming water. Tlio prepamtions, on ercfr? 
from tho wash water, were deep blue in colour, with a shinj’ inner Piirfiire i 
a whitish woollj’ zone of rmstained collagen on tho exterior. Complete mir^r.; 
defects appeared as small areas of intense pallor, most clenrlj' seen whm I 
specimens were viewed bj’ transmitted light, and in manj' specimen? let 
stained areas of partial deficiency were also apparent. Small rectarr. 
pieces containing tho defects were cut from tho propamtions, debydratoi 
alcohol, cleared in clove oil (which seemed to make tho tissue rather le®? tm 
than tho usual clearing agents) and embedded in paraffin with tho long « 
of tho defect Ij’ing, as nearlj* as possible, either parallel with or pcrpeadii: 
to tho edge of tho block. , “Serial sections were attempted in all case? bat i 
tissue was alwaj’s very fragile, probably* as a result of its long immfM''a 
tho acid alum solution, and tho sections wore often unfit for mcnsurcawn: >■ 
ser\*cd only* for tho identification of tho lesion. 

A considerable number of tho pale areas seen in tho gross specimen'' pK' 
to be morelj* traumatic artefacts, but in tho sections these were leadilj il!-'' 
guished from tho natural lesions by the broken edges of tho gap in tl'.c rr.'-? 
Others were foci of advanced medial degeneration and fibrosis. The Ti’m.? •• 
liad tlio characters of tho dovolopmontal defects described by Forbu?. 

Gross developmental defects in the muscular coat wre deff. 
strated in 27 of the 40 sets of cerebral vessels examined, •I'i t ' 
in all in 201 preparations from the main vascular junctiaa^ t 
bifurcations. Details of their distribution are given in tabic 
shows that they were all situated on arteries of the enrota 
and chiefly* on the middle cerebral vessels ; there were none 
basilar arteries. A few additional foci were identified at t e 
of minor branches but none in other parts of tlie vc-'PC - 
patches of well marked hypoplasia of the musculnris were a so 
at the arterial bifurcations, the largest being situated at r 
end of the basilar artery ; in these foci tho muscular coat 
consists of only one or two layers of cells and they 
a less extreme variant of the condition under consideration ^ 

In naked-eye preparations of .stained ve.«sels foci 
deficiency appear as patches of intense pallor, roughh 
shape. The area of the focus, ns is apparent from the 
recorded in table 11, is usually avcll under I 
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LOCALISED DEFECTS IN CEREBRAL ARTERIES' 

half the thickness of the normal media and this preserved the identity 
of the middle coat as a separate layer. Disappearance of tlie muscle 
from the whole thickness of the wall was noted in only one or two 
small foci located at the bifurcations, but here the degeneration had 
apparently attacked hypoplastic portions of the wall, as the fibrotio 
media was unusually thin. Another effect, more frequently noted, 
was the destruction by medial degeneration of portions of the thin 
muscular wedge around developmental defects, sometimes leading to 
slight extension of the gap, but only rarely (as in the specimen 
illustrated in fig. 3) to a substantial increase in its size. 

On tile whole it appears that medial degeneration of this type is 
not, in itself, a common cause of total defects in the muscular coat, 
although it may complete or enlarge defects due to other causes. 


III. Defecla in the internal elastic lamina 

No systematic search was made for defects in the elastic lamina 
but minute erosions in the unsplit membrane were encountered in 
several specimens and one large defect was found by chance in a 
fragment of tissue from the upper end of a basilar artery. This big 
C-shaped gap was too irregular for exact measurement but a patch 
of membrane roughly 2 sq. mm. in area had been almost completely 
destroyed, leaving only a thin sheet of elastic tissue at the surface 
of the intima. Although a portion of the underlying media was 
fibrotio, there was no aneurysmal bulging (fig. 4). 


IV. Defects in the muscular and elastic coats of atheromatous vessels 

In patches of advanced atheroma the internal elastic lamina is 
invariably split into several layers, the stoutest zone usually lying 
deep to the intimal plaque while the others traverse its substance. 
As the disease advances much of the elastic tissue degenerates, the 
frailer strands usually disintegrating first while the thicker laminar 
may long remain intact or show only minor erosions. But occasionally 
all the main elastic layers disintegrate in an area of considerable size, 
leaving this part of the wall virtually devoid of elastic tissue. The 
degenerative process may also encroach upon the muscular boat, 
destroying the muscle cells in the infiltrated areas, and although such 
penetration is usually very limited in its scope the muscularis is 
sometimes widely disrupted or even completely breached by the 
outward extension of the lesion. Other defects in the muscle arise from 
so-called pressure atrophy, a process involving piecemeal degeneration 
of the muscle fibres, accompanied by fibrous scarring in the media. 

In order to assess the frequency of these occurrences sections were 
made from 200 patches of atheroma in cerebral vessels over 1 mm. 
m diameter, a small group of contiguous sections being taken at 
random from each plaque. More extensive lesions would doubtless 

JOtrjlN. O? PITH.— TOL, LVn ^ 



350 


Jt. CARMICHAEL 


have been found in serial sections hut even the limited examiinfin 
actually made shows that big defects in the muscular and e!.i-;i: 
coats are a fairly frequent effect of atheroma. Defects involving 
layers of the elastica were found in 54 patches, 13 .sitiintwl at c: 
near the edge of the atheromatous plaque and 41 in the central rtyion, 
!Most of the gaps were very small, but 11 exceeded 0-5 mm. in width 
and 5 of the.se were, over 1 mm., including 3 over 2 mm. ; the Inx-'-t 
measured 2-5 mm. Total defects in the muscular coat were fmn, i 
in 2G plaques, 5 at the periphery and 21 near the centre of the jntd!. 
Their width was over 0-5 mm. in 7 instances and more than 1 iiim. 
in 2, the largest measuring 1-6 mm. In 5 vessels there were gapi in 
both muscular and elastic coats in the same part of the wall, includin:; 
one instance in wliich an elastic gap 2*5 ram. in width overUv a 
mu.scular defect of 1 -4 mm. ; none of these areas showed nnv 
aneurysmal bulging. 

Commenlanj 


If the mere existence of a minute developmental gap in t!:-'’ 
muscular coat of an artery were enough to determine the fomwfiiti 
of an aneurysm, almost every circle of Willis would bear a gcnfwa 
crop of tiny aneurysmal sacs and most of us would die from menin!:''*!' 
hfemorrhage in childhood or early youth. But, while medial clcf’c'.^ 
are extremely common, cerebral aneurj’sms are relatively »r‘. 
presumably because the elastic tissue, which in these vcasels is 
whollj’’ concentrated in the internal elastic membrane, offers an cITcctaf 
barrier to unlimited expansion. Forbus himself bclicvc.s that t.* 
di.ointegration of this membrane where it covers the nuisciilnr PJ 
is an es.sentinl .step in the formation of an aneurysm, and it is n 
that neither the supporters nor the opponents of his vicw.s give aa} 
consideration to this aspect of his thesis. Gl^Tin, indeed, ' 
that the strength of the vessel resides entirely in the elastic'' 
that a gap in the muscle docs not constitute a locus minoris re.dtten-i • 
But, as fig. 5 shows, the wall bulges at the site of a big mu.scular df* 
even under a pre.ssurc equivalent to little more than 20 
mercury, showing that there is some impairment of rc.sistance. . ^ 
the example.? of focal erosion of the internal ela-stie membrane '^^‘■‘'5' 
above show that the muscular coat by itself can siii)port the 
va'scular pre.s.sure. Both layers evidently display 
resi.«tancc and cither layer alone can prevent undue cxfen‘'!on e. 
lumen. Further, it has been .«hown that in atheromatous 
clastic and muscular layers may be deficient and still no annirv^ ^ 
sue develop, the (Icnse fibrous tissue of the intimal _ 

app.arcntly sufficient to rc.sist exccs.sive distension. The 
not yield if the outer coat i.s .supplemented by one „ ,.v 

layer, whether thi.s be compo.scd of mu.«cle, elastic fi.s*-nt' 
intima. This sot-ms to be tnte at least in the ca.se of the i f . 

deficiencies with wliich we are now conccnicd : it ina\ 
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more extensive lesions. Not one of these common conditions, by itself 
and in its ordinary form, provides a sufficient basis for the formation 
of a saccular cerebral aneurysm. The cause of these aneurysms must 
thereforB be sought in some spccialiacd lesion or in some peculiar 
combination of the eomraonor lesions. 


Summary 

Circumscribed areas of complete doficienoy in the muscular coats 
of the larger cerebral arteries are of frequent ooourrcnce and may bo 
due to defective development, to degeneration and fibrosis of the 
media or to the effects of advanced atheroma. Similar lesions in the 
internal elastic lamina may result from focal erosion or from 
atheromatous degeneration. These defects are briefly described, 
measurements of some of the larger examples are recorded and their 
possible relationship to non-inflammatory saccular aneurysms is 
discussed. 
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THE RELATIVE EFFECTS OF DIETARY CON- 
STITUENTS AND OTHER FACTORS UPON 
CALCULUS FORMATION AND GINGIVAL DISEASE 
IN THE FERRET 

J. D. Kmo * and E. E. Glotob 

From the Nulrllion Buitdinir and Farm Laboratories 
National Institute for Medical Research, London 

(Plates XLV and XLVI) 

A PRELIMINAKY account has already been given of a form of gingival 
disease oomtnon in laboratory ferrots, based upon n study of tbe 
changes in the parodontal tissues ns health gives way to disease 
(King, 1944). It was shown that the gum lesions first arose in the 
camassial regions of the mouth in the neighbourhood of the openings 
of the salivary ducts and were accompanied by deposition of salivary 
ealoulus (tartar) on the adjacent teeth. As the disease progressed 
the tartar accretions increased in amount and extent and the gingivie 
became more swollen and luemorrhagio. The later phases included 
gingival atrophy, resorption of the alveolar hone, sometimes “ erosion ” 
of the cementum or the dentine of the tooth-roots or both, parodontal 
abscesses and loosening of the teeth. An intimate association was 
found to exist between the condition of the epithelial papillas of the 
gum and the vessels running between them, this being demonstrated 
by slit-lamp microscopy as well ns histologically. 

In the present communication it is shown that this form of disease 
in ferrets does in fact arise as a direct result of the deposition of 
tartar upon the teeth. The gingival lesions are the outcome of injury 
of the gum by the tartar accretions. A suspicion that ^et played a 
part in the production of these lesions arose concurrently with 
wartime modifications of the animals’ rations, including restriotion 
of the meat supply and less frequent access to bone-oontaining 
carcases. It was noted by one of us (J. D. K.) that ferrets receiving 
these restricted rations showed varying degrees of tartar formation 
and parodontal disease. This and other observations referred to in 
the earh’er paper led to a more intensive study of diet in relation to 
the parodontal tissues which forms the basis of the present report. 


• Beit Memorial Boaeacch Fellow during tho period of tbia investigation. 
JOtTElt. or f ATS.— vox.. tTO 353 Z 2 
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Material and jiethods 


More than 130 ferrets fed on various experimental rations comprised the 
material for these studies, ■which covered a period of over two years ; in addition 
some 80 stock animals were used for supplementary observations. Included 
among both groups are some of the ferrets referred to in the previous 
communication. 

Age, weight and sex of ferrets. The ages of the animals at the beginning of 
each experiment varied according 'to the objects in -vriew. At first the initial 
age -was 6 -weelis (just after -weaning). Later, when the tartar-preventive factor 
was suspected, older animals (up to 3 months) were used, but in each experiment 
or comparable groups of experiments the initial ages were identical ; and in 
this case they w'ere first given a pre-experimental stock diet plus bono for 
1-4 weeks. In most experiments the ferrets were divided into pairs, one pair 
to a cage, the average weight of each pair being approximately similar. A 
check on the general health and rate of growth was at first kept by weighing the 
animals twice -weekly ; later the weighings were less frequent. Males were 
preferred to females to avoid complications connected with ovulation. 

Feeding. Cereals (when given), whole milk or milk powder, and salt mixture 
were first mixed with sufficient water to make a stiff lumpy paste, to which 
were added the other ingredients. Wlien bread was given, only the crumb was 
used and this was soaked in water for 1-2 hours before use. Meat, except whea 
autoclaved, was cut into small cubes or minced and, -with cod-liver oil and 
food yeast (Torula utUis), then added to the diet. Before their effects were 
ascertained, nicotinamide and ascorbic acid were given directly by pipette, 
the former in aqueous and the latter in 5 per cent, citric acid solution ; hter 
these supplements were mixed with the main diet. Cooked meat comprised 
meat treated in an autoclave for 30 minutes at 16 lb. pressure. Additions of 
bone were made in several forms : (1) short 3-inch lengths of horse rib, with 
periosteal, muscular and tendinous attachments in situ ; (2) similar lengths 
of rib-hone scraped free of periosteum and other attachments ; (3) as (1) kJ* 
crushed into a fine powder ; (4) as (1) but macerated by steam into a sou 
pulpy mass ; (5) commercial feeding bone-meal. Red marrow from ribs an 
yellow marrow from femur shafts were also used for tests. Liver supplements 
were supplied from fresh horse’s liver. For testing the effects of altering the p 
of the drinking water, citric acid was added to depress the pH to 4-5, nmmoniu.m 
chloride and sodium bicarbonate to raise the pH to 7-4. 

All animals were examined before and once weekly tluoughout the 
mental period, due attention being paid to their activity and general appearso^- 
and to the condition of their eyes, muzzles, coats, stools etc., ns well n? 
their mouths. At various times material was collected from the gunM for 
examination and culture, and latterly the gingiva? were examined in 
- specially designed capillary (slit-lamp) microscope under nembutal an.T^^^^^ 

xlontfll 


At the end of each experiment a full post-mortem examination was . 


material removed for liistological study, routine staining of tho 
tissues being supplemented by the sodium nitroprusside-benzidino tcc 
of Pickworth (1934-35) and other methods [vide King). Other 
experimental procedures are described belo-w. 


Results ^ ^ ^ 

Animals fed for periods of up to eight months on the 
diets employed here shoAved a generally satisfactory rate o 
at least -udien the rations -were supplemented by 
of cod-liv*er od and food 3'-east. Pretdous experience ha J" 
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that a minimum of 5-15 g. of raw meat daily, according to the ago 
of the animal, was of benefit and tliis was confirmed. The addition 
of ascorbic acid appeared to have little or no effect and it seems 
probable that ferrets, like dogs, are able to synthesise sufficient 



Flo. 1. — Representative weight curves of animals receivmg various basal diets Male 
ferrets : age at beginning of experiment 6 weelts. Time of year. May to Augnst. 
Arrow indicates increase of total food from 64 6 to 04-5 g. dry weight. 


quantities of vitamin C. There was an indication that the animals 
preferred bread to oatmeal and this was often reflected in a better 
initial appetite and rate of growth. As they became accustomed 
to the oatmeal, however, satisfactory weights were maintained (fig. 1). 
No significant difference in growth rate could be observed between 
ferrets receiving fresh milk and those given whole milk powder, at 
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least in the presence of adequate cod-liver oil. The general health of 
the animals "was little affected by any of the dietary variations 
described and this was confirmed post mortem. 


Effect of diet in the production and prevention of gum disease 

Three basal diets were used in which oatmeal or bread or meat 
formed the chief ingredient. The relative effects on the ferrets’ teeth 
and parodontal tissues of these diets and their various supplements 
are shown in tables I-III. 


TabiiE I 


Effect of oatmeal as main dietary ingredient on tartar formation 
and gingival disease in ferrets 



No. of 
animals 

Exptl. 

Oral condllloo! 

Dietary additions or alterations (per animal per day) 

period 

(months) 

Tartar 

1^9 

Addition of 

cod-liver oil (2-3 per cent.) 

‘31* 

3-6 

-f 

i 

X 

food yeast (0-5-1 per cent.) 

31* 

3-6 

+ 

I 

mcotinamide (10 mg.) .... 

6 


-f 

Slight 

ascorbic acid (1-7-10 mg.) .... 

31* 

3-6 

•f 

dog-biscuit (hard lumps, 7 per cent.) . 

2 

3 

Slight 

dog-biscuit (finely powdered, 7 per cent.) 

2 

3 

+ 


piece of horse’s rib-bone plus attachments 

C 

6 



(about 16 g.) 

piece of horse’s rib-bone less attachments 

4 

3-6 

Slight 

SUght 

(about 15 g.) 

periostemn from 16 g. of rib-bone 

2 

3 

+ 

■r 

red marrow from 16 g. of rib-bone 

2 

3 

4" 

4 . 

yellow marrow from 16 g. of femur shaft 

2 

3 

+ 

j. 

fresh horse liver (6 per cent.) 

2 

„ ? 

4* 

4 - 

Oatmeal reduced and meat increased to 

6 

6‘b 

4- 

produce equal parts of each by dry weight 



. 

J 


Total animals used . 


Basal diet per animal per day — 

Oatmeal (medium ground) . . . • 

I^Tiolo milk powder . . . • • 

Lean meat 

Salt mixture (McCollum 185) 

• This figure Includes some of the animals used for testing the effects of the 


. 45-76 g. 

. 3-6 g. 

. 5-16 g. 

. I B- , 

other dlctarj-ftdfn 


With oatmeal as the main constituent (table I) only 6 
animals in this group remained free from tartar and gum 
and all of these sis received supplements in the form o },. 

rib-bone plus periosteal, muscular and tendinous attachmen s ^ 
out the experimental period of 6 months. The ferrets g*'*^*' ^.biscuit 
stripped of attachments (4 animals) or hard lumps o ? 

(2 animals) showed relatively light deposits of tartar an , heavy 

were but slightly affected. The remaining 31 animals a ^ jpeions- 
tartar accretions which were associated with severe gu 
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The addition to the basal diet of cod-Uver oil, food yeast, nicotinamide, 
ascorbic acid, finely powdered dog-biscuit, periosteum, red bone- 
marrow, yellow bone-marrow, or fresh liver was without effect in 
preventing these conditions j nicotinamide and food yeast, however, 
had a slightly retarding influence on the progress of the gum lesions. 

When bread (national) formed the cliief ingredient (table II) 10 
out of 36 ferrets remained free from disease throughout experimental 
periods of 5-8 months. Again all of these diseaso-freo animals had 
their basal diet supplemented by rib-bone plus attachments. The 
2 animals receiving additions of coarsely broken dog-biscuit showed 
some tartar deposition and sbgbt gum disease within 3 months. Such 
conditions were not prevented by supplements of cod-liver oil, food 

Tahlc EC 


EJJect of bread (nnO'tntaC) as main dietary ingredient on the 
ferret disease 



No of 
aoJmals 

Eriill. 

Oral roadltloBs 

Dietary additions or alteration* <P« animal per day) 

Kiled 

(mont)») 

Tartar 

Onni 

diacass 

Addition of 





cod Uvor od (2*3 pOT cent ) . . . 

04. 

3.5 

•f 

-t- 

food yeast (0 6*1 per Cent.) 

24* 

3.5 

4* 

+ 

nicotmamtde ( 10 rag ) 

2 

3 

■f 

+ 

o.searbio ftoid (1*7-10 mg ) 

16* 

3 6 

4* 

4* 

dog biscuit (hard lumps, 7 per cent ) . 


3 

Slight 

Slight 

dog-bificuit (finely powdered, 7 per cent ) . 

piece of nb'bone plus attachraonte (about 


2 

+ 

+ 

10 

6.8 


— 

16g) 





finely crusbod rib-bono and attaebraonta 


3 


+ 

(15 e) 





macerated nb.bono and ottachraenta (16 g ) 

2 

3 

+ 


Substitution of 





whole fresh radk for milk powder (6 g ) 

1 per cent, cUno acid for dnnkmg water 

11 

3.5 


+■ 

2 

3 



1 per cent, ammonium chloride (20 parts) 


3 



plus 1 per cent, sodium bicarbonate 
U part) for drinking water 






Total ammaU used, 38. 

Basel diet per anunfll per day : bread (crumb) subfetituted for oatmeal m diet 1, 

• This flsnie locladiis Bome of the anhnils used for toBtlae the effects of the other dietary factors cited 


yeast, nicotinamide, ascorbic acid, finely powdered dog-bisouit, or 
finely crushed or macerated rib-bone plus attaobments. Again there 
was an indication that nicotinamide, and to a lesser degree food 
yeast, retarded the progress of the gingival lesions in some instances. 
Alteration of the pH of the drinking water was also ■mthont effect, 
as was the substitution of fresh milk for milk powder. 

Eoplaoomeut of the cereal by an approximately equivalent dry 
weight of lean meat (in addition to the meat of the basal ration) failed 
to prevent the development of tartar or gum disease, except in the 
4 (out of 26) ferrets receiving rib-bone plus attachments (table III). 
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The addition of cod-liver oil, food yeast, ascorbic acid, commercial 
bone meal or red bone marrow was also ineffective. 

As regards pathologj’-, the changes in the gums were not only 
associated with deposits of tartar upon the teeth but were, in fact, 
directly caused by’’ trauma of the gingivae by these calcareous accre- 
tions. Kgs. 2-4 show the manner in which tartar deposits gradually 
extend from the crown of the tooth until they impinge upon and 

Table HE 


Effect of meat (lean) as main dietary ingredient on the 
ferret disease 



No. of 
animals 

Exptl. 

Oral condltioiu 

Dietary additions or alterations (per animal per daj’) 

period 

(months) 

Tartar 

Gmn 

Addition of 





ood-liver oil (2-3 per cent.) 

16* 

3 

-f 


food yeast (0-6-1 per cent.) 

16* 

3 

■f 

-f- 

ascorbic acid (1-7 mg.) .... 

16* 

3 

"f 

+ 

piece of rib-bone plus attachments (about 

4 

3 

— 

— 

16 g.) 





commercial bone meal (16 g.) . 

2 

3 


•f 

red morrow from 15 g. of rib-bone 

2 

3 

4" 


Autoclaved moat ..... 

6 

3 


'i' 


Total animals used, 26. 

Basal diet per animal per day : meat substituted for cereal in amounts (dry vcig ■ 
equivalent to cereal dry weight in addition to the basal 6-16 g. 

* This figure includes some of the animals used for testing tlic effects of the other dietary factors r!l - 

eventually penetrate the gingival crest. Further progress of 
disease is probably aided by secondary bacterial action until t ^ 
alveolar bone, cementum, dentine and the mucous membrane o t e 
cheek become involved (King). Figs. 5-9 illustrate, by’’ slit- arop 
photomicrographs of the marginal blood vessels of the gum, ® 
dependence of the ferret’s parodontal health upon adequate 
friction of the tooth surface. When the animal gnaws short , 

of bone plus attachments the vascular and other tissues remain , 

(fig, 5), but when the bone plus attachments is given in a 
form severe disease soon follows (fig. 7). Coarse lumps of 
biscuit exert a certain amount of protection (fig- 6) but 
eventually^ supervenes. If the biscuit is finely powdered t e esi ^ 
are much more rapid and severe (fig. 8). There is 
that the lesions develop more rapidly with oatmeal than 
(fig. 9). It is significant that in the ferrets kept free from 
gum disease by supplements of bone plus attachments, t le o 
by^ no means completely eaten ; indeed, little more than ° 
amount of attached meat and some of the periosteum were m 
while these attachments, given separately to other anima , 
without prophylactic action. 
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Figs. 2-4. — Production of gum disease in ferrets by tartar deposits. Photomicrographs 
of decalcified bucco-palatal sections through upper camassial region. Hema- 
toxylin and eosin. x 60. 

Fig. 2. — Normal appearance of gingival tissues. 

Fig. 3. — ^Tartar deposition in buccal tooth groove just above dental margin of gum. 
Only the tip of the gingival crest is beginning to lose its keratinous covering, hut 
even at this stage slight alterations of the marginal capillarj' pattern can lie 
detected with the slit-lamp microscope. 

Fig. 4. — Penetration of gingival crest by tartar deposits, with resulting loss of its 
keratinous covering, h 3 rperplasia of the subjacent gingival epithelium, niarl:c<l 
dilatation of the blood vessels and cellular infiltration of the neighbouring corimn. 
All these conditions contribute to the mushroom-like eversion of the gum. 

B.V. = blood vessels E.C. = enamel euticle (Xasmstli's memtraot) 

Co. = corium G.Ep. = gingival epltlielhim 

K. = keratinous laj'cr S.Ep. = sub-gingival epltlieliiim 

D. = dentine • T. = tartar 


Figs. 6-9, — ^Effect of mechanical factors in the diet on carnassinl gum conditions in 
ferrets, as shown by the appearance of the marginal blood vessels under the slit- 
lamp (capillary) microscope.* X 30. 

Fig. 5. — Normal arrangement of marginal capillaries in a fen'ot receiving the hrcs'l 
basal diet (table II) to wliich were added short lengths of hone plus attnclimenfs. 
Experimental period 8 months. 

Fig. 6. — Similar region in an animal given the same basal diet but with the addition 
of coarse lumps of hard dog-biscuit, showing one of the earlier phases of dison^- 
At this stage tartar deposits have just begun to impinge on the dcrital "‘'’'i-® 
of the gum but there is little proliferation of the sub-surface epithelial papi 
Experimental period 3 montlis. 

Fig. 7. — ^Marginal vessels of a ferret given the broad basal diet plus crushed hone. 'Hu ^ 
is fairly advanced “ bushing ” of capillaries, indicating a stage of the i ree- 
similar to that shown histologically in fig. 4. Experimental period 3 raont tf. 

Fig. 8. — ^Jlarginal capillaries of animal fed on the bread b.asal diet plus finely 
dog-biscuit. The marked engorgement and “ bushing " of the capillaries 
a phase of disease rather more advanced than that sho^vn in fig. 7- Lxpenm 
period 3 months. 

Fig. D. — Marginal camassial vessels of a ferret given the oatmeal basal die^ (t^ 


for 3 months. The changes include marked vascular the 

near the buccal groove of the adjacent tooth (between X and )> " 
impingement of heavy tartar deposits has also caused gross gingh “ 

• Figs. S-8 in tiro ; flg. 0 pott mortem. 
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Effect of diet in the cure of the disease 

This was studiod in 4 ferrets (table IV). In animals 68 and 71 
relatirely heavy deposits of tartar and fairly severe gum disease wore 
allowed to develop, using the oatmeal basal diet plus cod-liver oil and 
food yeast over a period of 11 weeks. Pieces of bone wore then given 

Tabuc IV 


Curative effect of short lengths of bone {plus attachments) on gum disease 
in ferrets (oatmeal basal did, plus cad-liver oil, plus food yeast) 


Animal no. 

Itao9 stipptementf 
(dJilly) 

Erptl. period 
(weeks) 

Clinical condition of month st 
diffcTont periods in relation to 
addition or rrithdrswal ofboaa 

Tartar (degree) 

Qum disease 
(degree) 


Nil 

11 

+ + + 

+ + 

68 

Rib-bono (15 g.) 

5 




NU 

6 

++ 

++ 


Nil 

11 

+-I-+ 

-1-+ 

71 

Rib-boaa (16 g.) • 

6 




m 


4- + + 

+-I- 


Nil 


+ + + 

4+ 

69 

Nil 


+ + + + 

+ + + 


Rib-bone (1C g.) 


- 



Nil 

n 



70 

Nil 

5 

+ + + + 



Rib-bone (16 g.) f 

7 




’ See flg. 11. t See flc. 10, 


to each animal daily for 5 weeks. The tartar disappeared and tho 
gums became almost normal after 7-10 days of the supplemented diet, 
and by the end of the fifth week no gingival abnormalities could be 
found clinically. The bone was then withdrawn and the ferrets 
reverted to the basal diet only for a further 5 and 7 weeks respectively, 
after which they were killed. Tartar deposits were then as heavy and 
gum lesions at least as severe as in the first experimental period (fig. 11, 
animal 71). 

To the second pair of ferrets the basal diet was again given for 
11 weeks, with similar results, but was continued for a further 5 
weeks. Bone supplements were then given for 6 and 7 weeks 
respectively, after which the animals were killed. Animal 69 showed 
no gum disease clinically, histologically or by capillary microscopy. 
Ferret 70 gave similar results (fig. 10). Histologically, however, 
remnants of tartar could still be detected in the relatively sheltered 
grooves between the tooth cusps at some distance coronal to the gum. 

The above findings appear to give strong support to tho suggestion 
that the prophylactic action of bone is due to the mechanical rubbing 
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of the tooth surfaces against it during the gnawing away of the 
muscular and other attachments, which thus prevents tartar deposition, 
The next stage in the investigation concerned attempts at up- 
setting or destroying the tartar-forming mechanism by some other 
method more capable of application to man. 


Effect of local surgical and chemical measures in the 
prevention of tartar and gum disease 

The first attempts involved frequent scaling of the teeth (2 ferrets). 
This was performed once weekly for 4 months. After 3 months tartar 
began to form on the treated teeth between one scaling and the nc-rt, 
although little or no evidence of disease could be detected in the 
adjacent gum with the naked eye or hand-lens. On the control 
(untreated) teeth of the opposite side of the mouth, tartar deposits 
were much heavier and gingival injection and swelling were vcn' 
evident. The final effects on the gingival condition are illustrated 
by capillary photomicrographs of the gum taken at the end of the full 
experimental period (figs. 12 and 13), It is clear that, while patho- 
logical changes in the marginal capillary system are not quite so 
marked on the treated (fig. 12) as on the untreated (fig. 13) side, 
nevertheless the weekly scaling was relatively ineffective in preventing 
the formation of tartar in quantities sufficient to injure the gum. 

The second experiment concerned treatment of the left 
duct with 90 per cent, chromic acid. A few drops of acid were introdncffl 
into the opening of the duct at fortnightly intervals. Only one of Ih 
2 ferrets survived the experimental period of 3 months, the otbfi 
dying at the ninth week. In the surviving animal a considera^ 
degree of protection was afforded to the gum adjacent to the treat 
duct, although even the treated side was by no means normal, ft | 
however, impossible to ensure that none of the acid w’as cevne } 
the saliva to the adjacent tooth or gum surface. Without ft 
tests, therefore, we are not justified in forming decisive conclusions. 


Bacteriology 

Early in the investigation, tissue .changes in the ferret dise^o 
the direct or indirect action of micro-organisms on the gum surface. 
and cultures from typical lesions showed a variety of Gram-positive c 
Gram-negativ^e bacilli similar to those seen in human gum j,!^. 

scrapings yielded abundant growth of spirochtetes and d 

containing media imder strictly anaerobic conditions, provide cf 

Gram-positive cocci was suppressed with gentian violet, rf 

significance were recov-ered from the underlying tissues d 

bacterial invasion of the gingiva; was found histologically. o'.licr 

material from severe lesions, rich in B. fmiformis, spiroc re pati-ogrr.ic 
organisms, on injection into the gum of normal ferrets wm wi injuO' 
effect. When it was realised that the lesions were attribu a 
the gum by tartar deposits, further bacteriological studies were i- 
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Ftrs 10 nnd H — Photomicrograph'? lUmtnitmg the ewnvti\o eftocU of short lengths 
of bone plus nttncluncnls on estobtished gmgi\al discnso ui ferrets xCO 

tic 10 — Appearance of the carnnssml K«m of flmmnl 70 (sc« tc":t) after being cured ' 
by administration of bone Tho tissues !m\c almost rcgmiied their normal 
conditions 

I lO n — Rccurreneo of tartar deposits and gingt\al disease m animal 71 following 
u ithdrntral of curatito bone supplements 


ho U, 


Fio n 


Fios 11 and 13 — Attempted pro\entJon of tartar deposition nnd gum disease by 
frequent scaling of the teeth, illustrated by the condition of tho gingival capillaries 
postinorfem x30 

Fia 12 —Right upper oiirnn®aml gum region following weekly scahnk of tlie adjacent 
tooth for 17 weeks 

PiQ 13 — Loft (untreated) side of the sumo ammnl 
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CONGENITAL MALEORIVIATIONS OE 
THE (ESOPHAGUS 

ICathabine J. Gothkie 

From the Department of Pathology of the Poyal Hospital 
for Sich ChiUrcn, Glasgow 

Congenital atresia of the oesophagus with tracheal fistula — the 
commonest type of oesophageal malformation — has heen regarded in 
the past as an inoperable condition invariably fatal within a few 
days of birth. The increasing scope of thoracic surgery now renders 
the prognosis more hopeful ; in fact surgical repair has been undertaken 
in a number of cases in America (Richter, 1913 ; Leven, 1936-37, 
1940-41 ; Lanman, 1940 ; Carter, 1941 ; Haight and Towsley, 1943 ; 
Ladd, 1944). Grey Turner (1943-45) described the pioneer attempt 
in this country at direct suture of the oesophageal segments after 
closure of the fistula. He found four examples of oesophageal atresia 
in 10,543 deliveries (1935-42) at the British Postgraduate School of 
Medicine — a ratio of approximately 1 in every 2650 births. This 
incidence is sufficient to justify increasing attention to the condition. 

The post-mortem records of the Royal Hospital for Sick Children, 
Glasgow, furnish 38 examples of msophageal malformation in 6916 
autopsies between 16th February 1915 and 25th September 1944. 
These cases, which form the subject matter of this paper, are classified 


as follows : — 

Congenital atresia with tracheal fistula . . 23 

Congenital atresia without tracheal fistula . 1 

Stenosis ....... 6 

Dilatation ....... C 

Diverticulum 1 

Muscular hypertrophy ..... 1 


Congenital atresia with tilacheal nSTULA 
The lesion in all 23 cases was essentially obliteration of the middle 
portion of the gullet, blind ending of the upper segment and com- 
munication of the lower with the trachea in the region of the bifurcation. 
In one instance the fistula opened about | in. above this point. The 
proximal segment of the oesophagus was gonerallj- dilated to form a 
small, rather thick-walled pouch approximately 1-14 in. long ; the 
distal part was generally of narrow calibre, especially at its origin, 
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and the gap, of variable length, averaged 1-2 cm. In several 
the two portions, though contiguous, were entirelj' separate. Five 
cases showed slight variation from the usual pattern in that the 
absent portion of the oesophagus was represented b}' an impermeable 
cord 1 cm. or more in length. 

Not aU patients dying in hospital come to autopsy, so the clinical 
records from 1915 onwards were searched for further examples of 
oesophageal atresia and 6 more cases with suggestive clinical findings 
were discovered. The series thus totals 29 cases — 18 male, 11 female. 

In these infants the typical history, dating from birth, is one 
of coughing, choking and cyanosis on attempting to swallow, since 
milk overflowing from the upper blind pouch enters the air passages. 
As a rule much frothy mucoid fluid is present in the nasopharpr. 
Frequently the upper part of the abdomen is tympanitic owing to 
the presence of air in the stomach. Nothing but meconium is pas.«C(l 
per rectum. The presence of oesophageal atresia is readily confinned 
by X-ray examination after the passage of a catheter which is hell 
up generally about 9-12 cm. from the teeth. The practice of giving 
barium sulphate by mouth is contra-indicated (Lanman, Ladd) since 
it acts as a toxic irritant if aspirated ; they regard iodised poppy-s^ 
oil as safer. However, in Lamnan’s opinion simple X-ray examination 
after the passage of a soft rubber catheter is adequate for diagnosis. 

Since infants thus affected are unable to swallow, they would 
die of starvation ; but aspiration bronchopneumonia generally super- 
venes. Carter remarks that copious secretion pours from the tipp'f 
pouch when it is brought to the surface for drainage. 

Of the 23 infants coming to autopsy, none had healthy Inns'- 
Aspiration pneumonia, generally extensive, was present in 18, pafo.v 
collapse in 3, hypostatic congestion in 1 and streptococcal empi^®’ 
wdtli pulmonary collapse in 1. Other developmental defects 
associated with the oesophageal atresia in 4 instances. In oiw t i.a 
wrns congenital atresia of part of the small bowel and the mid c o - 
of the right lung was missing. Another infant had severe 
malformation of the heart and malformations of the spleen an 
hand. In a third, dextrocardia was diagnosed on X-ray examina 
The fourth had rectal atresia, the rectum forming a large cu 
distended with meconium. There was no communication 
anal canal, which was patent though narrow. The remaining 
examined post mortem were free from associated congenita 
and there was no mention of any external abnormality m c ^ 

6 ; 24 infants died within 8 days of birth, 1 survived for - a “ 
the remaining 4 for slightly shorter periods. Gastros o 
performed in 7 cases but all died shortly after. Tliis opera 
is useless, since, owing to the' tracheal fistula, the ' jjj.Qj,cho- 

regurgitate upwards into the air passages and m 
pneumonia. In the case with a defect of the small bowe ga-^ 
was combined with anastomosis between duodenum an co o 


CONGENITAL MALFORMATIONS OF (ESOPHAGUS 


365 


Other ABNORMAtmES of the cesophaohs 

The 15 remaining autopsy oases presented a variety of oasophageal 
malformations. In some instances the anatomical anomaly appeared 
slight in view of the severity of the symptoms — ^persistent dysphagia 
and vomiting, often with great emaciation. In such patients cardio- 
spasm probably played a part. A short description of the individual 
cases 13 given, since most of them presented features of interest. 
The single example of muscular hypertrophy of the oesophagus with 
associated hypertrophy of the pylorus and small bowel — a condition 
of extreme rarity — will form the suhjeot of a separate report. 


(Esophageal atresia mthout tracheal fistula 

In a male infant surviving for 19 da3r3 the proximal segment of the ccsophagus, 
comprising about two thirds of the total length, had a smooth bimd lower 
end. The short distal portion, blind above, extended only about ^ in. above 
the diaphragm so that the gap between the segments was consideroble. 
Death resulted from marasmus and bronohopneumonm. The mfant, though 
able to suck at birth, regurgitated milk through the nose. Bougies were held 
up at the lower end of the oesophagus 


(Esophageal stenosis 

Tho severity of the lesion in the 6 cases forming this group is 
graded from virtually complete atresia to slight localised narrowing. 

Case 1, female, C days, had a tight stricture with slight pouchmg of the 
gullet above it. Although the condition amounted practically to atresia, the 
case IS placed m tins group smeo o minute lumen existed, allowmg tho passage 
of a fine probe Bronchopneumonia was present Tlio mfant, who bad been 
unable to swallow from birth, was greatly oraacioted. A sister died m this 
hospital seven years previously ot the age of 13 days. At autopsy no 
ojsophageal lesion was found, though there was a history of inability to swallow 
from birth 

Case 2, male, 6 months, very marosmic, had marked stenosis due to an 
encircling band of fibrosis with pouchmg of tho mucosa above. Tho infant 
had been healthy at birth. Regurgitation began at the age of C weeks on 
weanmg, with mcreaamg dysphagia and progressive emaciation. 

Case 3, female, years, showed a stricture about 1 m. in length high up 
in the oesophagus, which was slightly dilated above it. The constricted portion 
of the w all was smooth and free from disease. Absence of scarrmg was suggestive 
of a congenital origin. In addition a small semicircular diaphragm was present 
at the pharyrvgo cesophageal junction. The child had been healthy prior to an 
attack of severe emesis at the age of 3 years Thereafter attacks of vomiting 
increasing m seventy recurred at ever shorter mtervals and emaciation became 
pronounced. On admission a stomach tube could be passed only G m. from 
the teeth and X-ray showed oesophageal stenosis. Gastrostomy was performed 
but tho child died next day. 

Case 4, female, 5 years, showed definite cesophageal narrowmg at the level 
of the tracheal bifurcation. Below this the wall was much thickened. There 
was also a “ thoracic stomach Tho child, a microcephahc, was much 
emaciated. Feedmg had been difficult from birth and she had never been able 
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to CTralloir solids. The passage of bougies gave only temporarj' relief. Denth 
followed a prolonged period of persistent vomiting. 

Case 5, female, 5 months, showed considerable narrowing of the ensophapus 
below the tracheal bifurcation with dilatation above. Bronchopneuraonia 
present. There was a history of dysphagia with vomiting since birth, sliriit 
at first but recurrent and increasing in severity. Thick mucus was vomited nknc 
with the feeds. 

Case 6, male, 4 months, had a slight stricture at the level of the trnrhri! 
bifurcation combined with localised hypertrophy affecting the last 3 cm. of the 
CDSophagus and ceasing abruptly at the cardia. In hospital oesophageal ob^tnic- 
tion was confirmed by a barium meal. Vomiting had been present since birth. 
The passage of bougies afforded relief so that the child was able to retain feeds 
but fatal gastro-enteritis super%'ened. 


(Esophageal dilatation 

In this group of 6 cases the anatomical lesion was again relative^ 
slight, consisting of simple dilatation, localised or diffuse, unassociatd 
with stricture. There was shght muscular hypertrophy of the guM 
wall in some instances. 


Case 1, female, 14 weeks, a twin, showed merely dilatation at the lower 
end of the cesophagus. Bronchopneumonia affected both lungs. The chil'l 
had dyq)hagia with partial regurgitation. A test feed in hospital showed 
ability to swallow, but the feed was returned. X-ray examination after a 
barium meal suggested cardiospasm. 

Case 2, male, 16 weeks, a mongol, had a fusiform dilatation of tho (ESophng>*s 
with thickening of its wall. The mucous membrane, which was red and smooth- 
was thrown into prominent transverse ridges. Bronchopneumonio ’irns pre^'T,. 
and the child was jaundiced and much emaciated. There was no history 
vomiting or dysphagia. Tlie oesophageal lesion was an accidental post-niortt^ 
finding. . ^ 

Case 3, male, 10 months, showed combined hypertrophy' and dilatation o 
the oesophagus, most marked in the middle third where tho diameter vas .wO' 
twice the normal. At the lower end there was present a shallow 
ulcer which had given rise to repeated severe hiematemesis shortly before ' 
tho stomach and duodenum contained blood at autopsy. Early brone w^ 
pneumonia and double otitis media were present. Tliero was a histoO^ ■ 
vomiting at least once daily since birth. Latterly emesis had been more s-- 
and there had been great loss of weight. .j , 

Case 4, male, 8 months, had a funnel-shaped cesophagus bronded u 
lower end. Bronchopneumonia was present. The infant throve till ' ; 

of 5 months, when vomiting began and continued. Slight hrematemcsis occu * 
before death. . , 

Case 5, female, 5 months, bad dilatation and hypertrophy of the 
of tho oesophagus. Several small acuto ulcers were present about I** 
of the normal and dilated portions. Tliero was n liisforj' of 
birth with progressive emaciation. Itepeated hiematemesis occu . 

death. _ . . —ua-ukr 

Case 6, female, 9 years, showed considerable dilatation with sag • ^ 

hypertrophy of tho whole gullet, which was of approximately ctmi ” 
except for a slight constriction about A in. in lengtli at tho level o i^- 
bifurcation. The child was breast-fed and throve till tho ago o 
when an attack of “ congestion of the lungs ” was followed jwr' 

vomiting of all food and even of water. She was admitted at fbe age 
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and 9 montta when an ffiBophagowopo passed renddy along the whole length 
of the gullet, which was nomal except for slight dilatation at the cardiac end 
The passage of bougies jmproied but did not entirely euro tho djsphagia 
The child was not seen again for neatly six yeata, during winch time tho 
condition remained stationary After a sorore prolonged attach of vomiting, 
which began immediatel} after the death of her mother to whom she vvas much 
attached, she was readmitteil greatly emaciated, 67 per cent underweight 
A barium meal was completely held up at the level of the bifurcation Death 
occurred shortlj after admission 

(Esophageal diurttcuhm 

This condition was represented m a female infant aged 0 days, who showed 
a largo thick walled diverticulum l-| in long m tho anterior gullet wall at the 
upper end, extending down behind tho trachea Tho ccsophogiis itself was 
patent throughout and there was no commimication with tho trachea Broncho 
pneumonia was present Feeding from birth had been attended with great 
difflcuUj, as the child choked and turned blue on taking food Gastrostomj 
was performed hut death occurred some hours later 


DiactTSSiov 

Abel (1029) has classified congenital malformation of the cesophagus 
into seven types — total absence, doubling, cesophago tracheal fistula, 
partial obliteration, diverticulum, simple congenital stricture and 
stricture due to a membrane or valve The present senes represents 
all but tho first two varieties, both extremely rare, and includes an 
example of an additional abnormality consisting ot muscular hyper- 
trophy of the oesophagus 

(Esophageal atresia uith tracheal fistula 

According to published figures approximately 70 per cent of all 
congemtal malformations of tho msopliagus are of this ty pa Tisoher 
(1926) gives the average duration of hfc as 2 7 days In tho excep- 
tional case reported byi Scliraidgall (1016) life was prolonged for 
28 days 

Surgical repair offers tho one slender ohanco of aun-ival to these 
infants, many of whom suck eagerly and are well nourished and 
vigorous at birth, though liable to the early onset of pneumonia as in 
18 of the 23 oases coming to autopsy m the present senes Various 
tj^ies of operation, described m detail by the authors quoted, have 
been devised to surmount the great teohmeal difficulties inherent in 
the problem of reconstruction of the infantile ceaopliagus Another 
factor which must be taken into account in deciding whether to 
operate is the presence of associated congenital malformations Those 
occurred only in 4 of our 23 cases, but the recorded mcidence is 
generally much higher (Plass, 1919 , Fischer, 1920 , Ladd, 1944) 
Atresia am is the most frequent single concomitant defect Multiple 
errors of development m tho same patient are recorded in the papers 
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of Meusburger (1910), Harris (1922-23), Marcus (1923) and GruenTrald 
(1941). 

The genesis of cesopliago-tracheal fistula should be explicable on 
embryological grounds since it is a typical malformation, t.c. it is of 
frequent occurrence and standard pattern though not of uniform 
severity, since gradations exist between mild and severe fonns 
(Gruenwald, 1940). At 3 q)ical abnormalities on the other hand may 
arise erratically from some such accidental cause as amniotic adhesions. 
Gruenwald found the usual combination -of oesophageal ntre.sin and 
tracheal fistula already well developed in a 9 mm. liuman embryo. 
In his opinion the essential cause of the malformation lies in the 
premature lengthening of the respiratory tract before separation of 
the oesophagus is complete, so that the rapidly growing respiratory 
tube draws out the corresponding portion of the oesophagus into a 
narrow strip of tissue incorporated into its own dorsal wall. This 
process results in atresia of the oesophagus and tracheo-oesophagcal 
fistula. From the lower end of this composite tube arises the normal 
distal portion of oesophagus. The upper pouch, he assumes, develop.’ 
from the part of the primitive tube attached to the pharynx. On 
the extent of oesophageal separation depends the level of the fishilouj 
opening into the trachea, the severest type of malformation occurring 
when the lower portion of oesophagus communicates with the trachea! 
bifurcation. 

As regards aetiology, Pearson (1914) and Still (1927) associate 
certain congenital defects and diseases "with order of birth.^ Tii'J' 
Still found that among 400 cases of congenital pyloric stenosis, 
per cent, were first-born (including still-births and miscarriages) an 
there was a steep fall from first to second and subsequent children. 
Mongolism, on the other hand, occurred in high proportion in atn* 
bom children. He attributes congenital deformity at the extreme^ o 
reproductive life to imperfect function and failing function respective y 
Other congenital defects, e.g. cardiac and cerebral, he found occumni 
with imdue frequency among first-bom children. In a 
160 varied malformations, including 6 congenital obliterations o 
oesophagus or bowel and 5 of the bile-ducts, 41*8 per cent, were 
bom, a proportion indicative in his opinion of some specia ^ i® ^ 
in the first pregnancy to anomalies of development under the m 
of toxsemia, to which primagravidae are particularly prone. 
also gives evidence, based on large series of figures, that rr 
infants reaching term are physically inferior to those o 


[uance. . tpntic®- 

The present series affords no evidence in support 
the 12 cases of oesophageal atresia with tracheal is ”^,j,ppjoT]p 
ler of birth is mentioned only 1 was a first-born child. " 

15 subjects with varied oesophageal defects, order o 
ted in 12, of whom only 2 were first-born children. 
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(Esophageal atresia without fistula 

In this rare condition there is simple obliteration of the lumen 
of the oesophagus. In a single example occurring in the present 
series the long proximal portion had a smooth blind end and the 
short distal segment formed a minute cul-de-sao closed above. The 
condition recalled Thomas Gibson’s classical 17th century description 
of one of the earliest recorded cases of oesophageal atresia (Gibson, 
1697, p. 239) : " The isthmus (between the oesophageal segments) 
did not seem ever to have been hollow, for in the bottom of the upper 
and top of the lower cavity there was not the least print of any such 
thing but the parts were here as smooth as the bottom of an acorn 
cup ”. Particular interest attaches to this ancient report, not only 
because the clinical and pathological findings are described with 
precision, but also on historical grounds, since the author was the 
grandson of Oliver Cromwell and Physician-General of the Army. 

(Esophageal stenosis 

Morell Mackenzie (1884, vol. ii, p. 166) defines simple stenosis as 
“ Abnormal narrowness of a limited portion of the cesophagus, without 
any morbid change in any of its component tissues at the site of 
stricture ”. Six cases of the present series fall into this group. Tn 
the one with the greatest degree of constriction the channel, though 
present, was very minute, admitting only a fine probe. In a second, 
marked stenosis was due to an encircling fibrous band apparently of 
congenital origin, as regurgitation began at the age of six weeks. 
Reduction in calibre was relatively sh’ght in the other i and there was 
no apparent disease of the wall. In 3 of these four cases some other 
oesophageal abnormality was present. In one this took the form of 
localised muscular hypertrophy at the lower end of the gullet well 
below the stricture, in another of a semicircular valve-like fold of 
mucosa projecting into the lumen and forming a partial diaphragm, 
in the third of “ thoracic stomach ”, This case was no. 7 of the 
series reported by Findlay and Brown Kelly (1930-31). 

Obstruction by an annular membrane more or less complete or 
in the shape of a semicircular valve, though rare, is recorded by 
various authors (Morell Mackenzie, 1884, vol. ii, p. 219 ; Beatty, 
1928 ; Abel, 1929). In Abel’s patient — a 42-hour-old infant — ^mere 
pressure with the endoscope sufficed to rupture the thin membrane. 
Abel makes the important observation that the symptoms in all 
types of congenital malformation of the oesophagus are almost 
identical ; hence without a complete examination by aU available 
methods cases amenable to operation may be missed. Simple atresia 
and stenosis are attributed by embryologists to developmental 
anomalies. According to Harris (1928-29) the cesophagus and 
duodenum in early embryonic life act as parent tubes which give 
rise to daughter tubes— trachea and lungs in the former ; pancreas, 
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liver and bile-ducts in the latter. Such parent tubes are liable to 
become weakened at the expense of the normally developing daughter 
tubes. Consequently proliferation of the mesoderm cells is defective 
and compensatory hjq)erplasia of the epithelium occurs, leadine to 
complete occlusion of the lumen. It is to these two factors— eleficlent 
growth of mesoderm and overgrowth of epithelium— that thc?D 
parent tubes owe their “ pathological predestination ”. TJie muscle 
coats arising in the deficient mesoderm are liable to be weakened 
or to be partially replaced by fibrous tissue, thus encouraging 
diverticulosis. Normally, after undergoing partial atrophy the .solid 
epithelial core is canalised by the developihent of intra-opithelial 
cysts which become confluent. Atresia, stenosis or intra-epithelial 
cyst formation may result from interference with the normal cour.<^ 
of evolution. 


(Esophageal dilatation 

This condition occurred in 6 cases. Here, as in some of the patients 
with slight stricture, the insignificance of the morbid change was 
surprising in view of the severe dysphagia, vomiting and emaciation 
which had directed attention to the oesophagus during life. Lust 
(1923-24) found the same discrepancy between the autopsy and 
clinical findings in some of his cases. These minor anatomical lesions 
appeared insufficient per se to account for the cUnical symptoms, 
particularly in view of the fact that a spindle-shaped dilatation of 
the whole gullet in one case of the present series had shown no clinics! 
sjTnptoms. Likewise D’Silva (1944) discovered gross cesophagectsn.i 
accidentally'' at post-mortem in an adult. Simple stenosis also ma} 
exist without causing dy'sphagia, as in the case reported by Brow 
Kelly' (1931) of a 35-year-old man dying of cerebral haamorrhago in 
whom marked stenosis at the entrance to the oesophagus had no. 
been suspected during life. An additional factor must bo sought to 
explain the clinical severity, and this is probably of spastic nature. 
According to Brown Kelly (1936) cardiospasm is not uncommon in 
young children. It varies in severity and duration, sometimes pn''’nt 
off and at others causing complete obstruction. This author ^ 
a primary' type, due apparently to congenital predisposition o 
the fundamental cause is unknoum. The intenmttent, variab ena n ^ 
of the symptoms in such cases suggests transient spasm of the ca n 
sphincter as a result of stimulation of the sy'mpathetic nerves un 
the influence of emotional disturbance. This has a profount e 
inhibiting spasm in health but exciting it when the child i-s 
thwarted. In one of the present cases severe intractabo 
began after the death of the child’s mother. Faullmer cl a ’ 
are convinced by their radiological experience that And 

has a marked influence on oesophageal function. Ash y ( 

Lust (1923-24) mention that oesophageal spasm is frequen 1 j 
in susceptible infants on changing the diet, and pa 1^“ 
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introducing solids winch they resent A slight anatomical defect 
such as simple locahsed stenosis or dilatation probably acts as a 
h(ms reststenhcc minons where spasm tends to onginate in susceptible 
subiecta A minute scar left after swallowing corrosuo m a case of 
Lust’s probably had the same effect 

That spasm of the oesophagus may date from birth is proved by 
the reports of Langmead (1919 20), Segnr and Stoeffler (1930) and 
Negus (1936) Sudhues (1932) is of the opimon that 70 per cent of 
these cases origmate ■within the first jear, and half of them ^nthm 
the first ten days of life This author expresses the opinion that 
some infantile cases of cardiospasm ma}-’ be duo to inhibition of vagal 
influence owing to injury of the %agi at birth Examination by the 
usual methods, however, generally reveals no organic cause for the 
cesophageal spasm It is \erj improbable, according to Hurst and 
Raho (1929 30), that tlus temporary disability could ever produce 
gross dilatation like that seen in achalasia Here persistent closure of 
the sphincter occurs owmg to failure of relaxation resultmg from 
nervous imbalance, the essential cause of winch Hurst regards as 
vagal inhibition from fibrous involvement and progressive destruction 
of Auerbach’s nerve plexus m the wall of the cesophagus Other 
vrorkers (Cameron, 1927 , Rake, 1927 , Etzel, 1937) also found 
fibrosis of the nerve elements of Auerbacli’s plexus m such cases 

Two members of the group viith dilatation of the cesophagus 
showed an acute ulcer at the lower end and gave a liistorj of repeated 
severe fijematomesrs before eJeatft In another patient slight ante 
mortem hiematemesis had occurred though no ulcer was found at 
autopsj Burghard (1920) also described ulceration of the oesophagus 
with hsemateraesis in a four months old infant with cardiospasm 
and spindle shaped dilatation He comments on the extreme rarity 
of oesophageal ulcer in infancy 


Divertwulum 

Abel states that congemtal di\erticula with a complete muscular 
investment, winch occur generally at the pharyngo oesophageal junc 
tion, are extremely rare m man though found in the hog and other 
ammals The single example in the present senes had a tluck walled 
pouch of the anterior wall of the oesophagus, the lumen of v\hicli was 
patent throughout and did not commumcate with the trachea Yet 
the symptoms present at birth were indistinguishable from those of 
ordmary atresia with tracheal fistula The cluld died from broncho 
pneumoma In cases of this tj'pe simple drainage of the pouch might 
save hfe This type of case differs from the commoner pharyngeal 
pouch at the lower border of the inferior constrictor 
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THE FORMATION OF THE NUCLEUS OF STONE 
IN THE URINARY PASSAGES 

Greta Hammarsten 

From the Ohemical Laboratory of the Medical Clinic {Dr A, KrUtenson)^ 
the Seraphim Hospital, Stockholm 

(Plates XLVU and XLVjlll) 

The formation of the nucleus of a urinary stone — the origin of a 
concretion — has long been a subject of dispute. It is known that 
foreign bodies exist in all urine in the form of dead epithelium etc. 
and may serve as the nuclei of stones. Such nuclei are formed mainly 
in infected urine. Randall and his collaborators (Randall, 1936, 
1937 a and 6, 1940 a and 6, 1941 ; Randall c( al., 1937 a and b ; Randall 
and Melvin, 1937) consider that the formation of stone commences 
with the formation of a ** calcium plaque ” somewhere below the 
surface of the papilla. The epithelium overlying the plaque is dis- 
lodged, after which its surface becomes covered by stone-forming 
material. HeUatrOm (1936) had previously observed the occurrence 
of these plaques, and Kjolhede and Lassen (1940), in post-mortem 
examinations, established the fact that they are very common, though 
they relatively seldom give rise to calculi. 

Over 20 years ago the German colloid chemist Schade (quoted by 
Habler, 1939) made very fine observations of concretion formation 
of uric acid and urates in the urine and of cholesterol in the bile. 
When the concentration of uric acid at a certain pB. has become 
suflSciently high, freely suspended so-called micelles are formed by 
“ tropfige Entmischung ”, Thus, according to Schade, such a micelle 
consists of a concentrated colloidal solution of uric acid, which by 
“ ageing ” crystallises out to form a small concretion. In the same 
way cholesterol gives rise to the formation of gall-stones. 

Now both cholesterol and uric acid are substances whose capacity 
for forming colloidal solutions is well known. If, for example, uric 
acid in vitro is brought in contact with an equivalent amount of NaOH 
for the formation of acid urate in a sufficiently concentrated solution, 
the urate solidifies into a gel. Thus, in the first place, a colloidal 
sodium urate form appears, which is six times more soluble than the 
stable form — crystallising in needles — which originates from it 
(Hammarsten, 1932). Schade has predicted that other stone-forming 
substances also, of which the colloid forms are not known, are capable 
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of producing concretions in the urine by way of nucclle formation, 
but so far there is no proof of this. 

In experimental crystallisation of calcium oxalate in human 
urine, however, I once observed how the formation of crystals was 
preceded by the formation of micelles. (The micelles were also 
observed by Dr Tomenius, who was present in the laboratory.) Up 
to the present it has not been possible to reproduce this experiment. 

On the other hand, the readily crystallising sulpha-compounds 
acetylsulphathiazole and sulphadiazine are excellent objects for the 
study of the formation of stone nuclei. If the urine from patients 
on sulpha-treatment is examined microscopically when the urine is 
beginning to contain a high concentration of the drug, numerous blue- 
shimmering drops appear in the field of vision. They most nearly 



Fig. 3. — ^Xhooretioal conception of the radial structure of the micelle after crj-sta.l-M 
(see test) : — = negative charge. # = positive charge. 

resemble drops of oil and they^ vary in size from a few p up to 50 
These drops are micelles (figs. 1 and 2) with liigh concentrations^ 
the sulpha-drug. The micelles are extremely stable and 
centrifuged, so that it may be readily imagined that they' niaj 
cylinders in the renal channels. The surface of the micelles is 'j’ 
and they are probably also hydrated, i.e. surrounded by » * 
water, which increases their stability. n d it i-‘ 

If the further development of such a micelle 
found that it sets into a crystal-like body with a radiatmg s 
(fig. 1). When the micelle is spherical, as in the case of co ^ill 

and acetylsulphathiazole, the subsequent crystalline bo ) , 

have a spherical form (figs. 4-9). When, on the other i ^ 
micelle assumes the shape of a round plate, as is tie 



JOURNAL OF PATHOLOa\— \0L LVII 


Plate XLVII 


TJniNABY CALCULUS 



Fir I — A AricollesofacetyNuIptmtluazoIe Fio 2 — Sulplmdmzine 

m human urme Tlic upper is about micelle from rat urine 

30 fji m diameter Commencing crystal Complete crystnihsa 

hsation m the lower B The same Held tion xC50 

fij hra later Complete crystallisation 
X260 



Fio 4 —Section of liumnn acetylsulpha Fig *> —Section of human ncetylsulpha 

concretion Tho centre consists of a concretions X410 

former micelle, nhich exhibits a 
riuliUmg structure The outer crjslnl 
shou-s pahsndo formation x 200. 
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Plate XL VIII 


Urinary calcdlus 



Fio, 8. — Section of human acetylsulphathiaiolo 
concretions. Xl28. 



Fio. 7. — CrystflUmo masses of calcium 
oxnlato from tho bladder of a rat. 
X s crystals rcsemblingthemost soluble 
of tho calcium o.xalato forms, t.c, the 
trM»ydrate. Spherical crystal forms 
indicating micelle structure. 



I'lo. 8. — Section of etratifiod human acetyl- 
sulpha concretion. The staining shows 
ad^orptjon of somo albumin compound in 
tho surface layers, x 835. 



Fio. 9. — Micro-coneretion of calcium oxalate 
in a diverticulum of bladder from a rat. 
Cf. fig. 8. X92. (Hammaratcn, 1934, 1937.) 
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sulphadiazine, the subsequent cryataUine mass will assume the same 
shape. It is reasonable to suppose, therefore, that already in the 
micelle the molecules are orientated in a way similar to that in the 
later crystalline form. If the disperse phase is micro-crystalline, the 
subsequent macro-crystalline form can perhaps be conceived as only 
a superstructure on the earlier formation. My speculations on the 
process in question have led me to the following hypothesis, of which 
a schematic diagram is given in fig. 3. If we imagine the configuration 
within a sulpha micelle formed in the urine, it is probable that the 
acid group of the molecule is directed towards the surface and the 
basic group in the opposite direction. The surface molecules are thus 
in a bipolar position, and the surface is conditioned by the pole facing 
towards the surface (fig. 3). The molecules immediately beneath the 
surface will be similarly orientated, “ with their negative heads biting 
the positive tails of the surface molecule ”. Owing to the repulsion 
of similarly charged elements, the molecules will secure for themselves 
the greatest possible lateral room within the given space, i.e. the 
position of the molecules will be strictly radial. That the rote of 
crystallisation is very diflFerent in different planes may explain the 
plate form of a micelle of sulphadiazine, which substance forms flat 
needles when crystallising without the formation of micelles. 

If sections of a sulpha-concretion are cut, a micelle will be foimd 
forming the core. Sometimes the concretion is stratified (c/. figs. 1 B 
and 8). The surface, or surface stratum, in all probability a^orbs some 
urinary colloid, for it stains strongly. Sometimes it is found that the 
radially situated crystals go right tlirough towards the centre. 
Sometimes the centre preserves an almost homogeneous structure with 
only indications of radiation. Outside the original micelle is deposited 
a fresh micelle layer and so on. This is easily understood, as it is 
known that a colloid particle has a specific affinity for particles of the 
same kind as itself. As an example of such an affinity it may be 
mentioned that colloidal silver chloride particles ate positively 
charged in a solution of silver nitrate by the adsorption of positively 
charged silver ions, but on the other hand they take a negative charge 
in NaCl solution owing to the adsorption of the negative Cl ions. 
Thus in both cases the ion which the colloid has in common with the 
dispersion medium is adsorbed. In the newly deposited micelle layer 
the molecules also lie radially. The more layers that are deposited, 
the higher does the concentration in them appear to be, for, after 
crystallisation, denser crystallisation is found the farther one moves 
from the centre. Finally there is produced a small stratified concretion 
with a surface armed with radiating crystals. Thus we find in the 
urine the nucleus of a stone without the presence of any foreign body, 
the only requisite being over-saturation with the stone-forming 
substance. The urinary colloids are precipitated too, and to a certain 
extent contribute to the solidity of the structure. 

Such micelle formation is certainly of more far-reaching importance 
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than the mere formation of concretions. The border-line betTrcfs 
the animate and the inanimate is not fixed, as is known fronj thostudr 
of certain forms of \nrus. It may be that in the dayspring of time tb"e 
first h'ving cell emerged as a micelle. 


Summary 

The nucleus of a stone in the kidne3>- maj>- consist of anj- kind of 
foreign body, inter alia dead epithelium and bacteria. Such nueln 
are formed, however, mainly in infected urine. When no infection i= 
present, the formation of stones usually takes place in the follovinj 
manner. When the stone-forming substance has reached a certain 
concentration, cell-lilie colloidal drops of the substance, so-called 
micelles, separate out. These are at first homogeneous and, under 
the microscope, resemble blue-sliimmering drops of oil. Later they 
assume a crj'stalline form, -with a radiating structure. Kouiid sucb 
a micelle the concretion is subsequently built up by deposition of 
further layers. A number of crystalhsed micelles may also he held 
together bjf urinarj^ colloids and so form the nucleus. The proce« 
has been sWdied on micelles and concretions of acetylsulphatiiiaiolc, 
sulphadiazine and calcium oxalate. 
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A SIMPLE METHOD OF TESTING THE SENSITIVITY OF WOUND 

BACTERIA TO PENICILLIN AND SDLPHATHIAZOLE BY THE 

USE OF IMPREGNATED BLOTTING PAPER DISCS 

D. C. Mokley 

From the Department of Pathologyt University of Cambridge 
(Plate XLIX) 

Blotting paper discs impregnated with penicillin solutions have been used 
by various workers to detect bacterial sensitivity to penicillin and for the 
assay of solutions (Foster and Woodruff, 1943 ; Vincent and Vincent, 1943*44 ; 
Heatley, 1944 ; Epstein et al., 1944). In such methods the discs are laid wet 
on the surface of on inoculated agar plate or are impregnated while lying on 
the agar by dropping penicillin solution on to them. Dry blotting paper discs 
impregnated with penicillin before drying, as described below, ore more con* 
veniont to use because they dispense with the need to maintain suitable 
dilutions of penicillin, which must be frequently renewed on account of their 
instability. Because the dried discs can be stored over a long period and are 
always ready for use, they are likely to be most valuable in small laboratories 
in which a test of sensitivity to penicillin is a comparatively rare event. 

Method 

Discs 12 mm. in diamoter ore cut with a cork borer from commercial 
coloured blotting paper. The dye in the blotting paper has not been foxmd 
to exert any inhibition on bacterial growth. Different colours can be used for 
different bacteriostatics. 

Preparation of desiccant. Plaster of Paris heated to 180® C. was used at 
the suggestion of Dr R. I. N. Greaves, following Flosdorf and Mudd’s (1938) 
demonstration that anhydrous calcium sulphate is a good desiccant. A little 
cobalt chloride, which is blue when dry but pink in the presence of moisture, 
is added to the plaster of Paris os on indicator. 

The lid of a Petri dish is half filled with a plaster of Paris cream tinted 
with cobalt chloride. When the ploster has set, the lid is inverted over a 
Petri dish and heated in the hot air oven at 180® C. for one hour. During heating 
the lid should be slightly raised to facilitate drying ; when the oven is turned 
off, the lid is lowered on to the dish by means of a glass rod. 

Desiccator storage pots for the finislied discs are made by half filling 2 oz. 
screw-capped pots with plaster of Paris-cobalt cream and then rolling them 
on the bench imtil the plaster has set in a layer on the wall. The pots are 
then heated at 180° C. for one hour. 

Storage pots end desiccator plates are easily sealed against water vapour 
by running plasticine round their lids. After using a pot the seal can bo 
quickly restored by running the finger around it. Tlie desiccant in such a 
pot has remained blue after immersion for a week in the 66® C. water-bath. 

S70 
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Impregnation with penicillin, and drying. Blotting paper dkcs are plaw 
in the bottom of the desiccator Petri dish so ns not to overlap. The db 
containing the discs is then heated to 180° C. for one hour. The disw or 
cooled in the refrigerator and impregnated with a cold solution of pcnieilli 
containing 50 units (manufacturer’s assay) of penicillin (Pfizer) per ml. fine 
disc receives 0-02 ml. from a “ 50-dropping ” pipette, that is, approximil/'l 
one unit of penicillin. The lid of the Potri dish is then sealed with plastirin 
and the dish is placed in the —20° C. room or in the refrigerating chamber o 
an ordinary refrigerator, ns near the coil as possible, for 48 hours. The (t 
discs are transferred by means of sterile forceps to a desiccator pot and be;' 
preferably in the cold. 

Testing the dried discs. An aerobic spore-bearing bacillus isolated from hni 
has been found to be more sensitive than the Oxford standard "H” stnphjb 
coccus and gives sharper inhibition zones. It has been used in the manaf' 
described by Foster and Woodruff (1944). A stock of spore suspension c 
opacity equivalent to 10,000 million Bact. coli per ml. is prepared from aza 
plate cultures and heated to kill vegetative forms. One such botch can bo uix 
over several months, 1 ml. of the spore suspension being added to 400 ml. e 
melted Lemco agar at 50° C. and poured into 20-26 plates, which arc Ibc 
stored in the refrigerator until required. A few penicillin discs from each bald 
of fifty are tested on these plates, two discs, 3 cm. apart, being placed on each 
The plates are then incubated at 37° C. for 24 hours. Growth occurs on th’ 
surface and inhibition zones are measured from the edge of the disc to Ibi 
circumference of the zone. Fig. 1 illustrates a test of this kind. A batch c, 
discs is accepted as suitable for routine use if the sample discs give inliibitfs 
zones of 12 mm. or more. 


Deterioration of penicillin during manufacture and keeping of dko 

The process of drying as described leads to no appreciable dotcrioratinn 
the penicillin. Ten impregnated discs were placed on spore-bearer assay 
in company with ten discs of sterile blotting paper impregnated in eilu 
0-02 ml. of the same solution of penicillin which had been used to 
the dried discs and had been kept cool in the interval. Zones of inhi 
were measured after 24 hours’ incubation. In one such experiment the r 
of inhibition around the dried discs measured on the average 13’2 mm.. “ • 
around the wot discs 13.4 mm. This experiment has been repeat 
times with similar results. 

Table I 


Effect of storage at different temperatures on penicillin discs 


Time of storaRO 


Temperature of 
storage 

Days 

1 

n 

3 

4 

5 

8 

6= C. . 






13-8 

Room tcinporaturo 

126 

11-8 

11-7 


12-0 

12’8 

.37° C. . . . 

10-0 

0 0 

00 

... 

90 

0*5 

56° C. . . . 

9*4 

7-0 

6-4 

c-o 

6-8 

1*8 


W/“l> 


Tlio figures indicate the width of the inhibition zones in nun. 



Each nxccs 


xiiv iiiuicuLo wiutu ui itn? 

average of eight measurements, two from each of four discs. tesied nhsr'- 

Sinco this experiraont, discs kept at room temperature na% 
montlis and no deterioration has been found. 
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Dried impregnated discs were stored in plasticine^sealed desiccator pots for 
fiv’O weeks, (a) in 'a water-bath at 60“ 0., (6) in an incubator at 37® C., (c) at room 
temperature and (d) in the refrigerator at about 6® C, 

TVenty of the discs were tested on spore-bearer assay plates before storage 
was start^; these gave an average inhibition zone of 13 mm. At intervals, 
four discs were removed from each pot and tested, with the results shown in 
table I. 


Use of dried discs for detectitig penicillin sensitivity in 
routine plate cultures from wounds 

A swab freshly taken from a wound is streaked on to a blood agar plate 
so os to produce an even distribution of colonies, os shown in fig. 2. A penicillin 
disc is placed on the agar surface so that its inhibitory effect can be seen both 
in an area in which colonies are crowded and in one in which they are sparse. 
After incubation, sensitive bacteria will be absent from a zone about 1 cm. 
wide aroimd the disc. Typical plate cultures are illustrated in figs. 3 and 4. 


Blotting paper discs impregnated with sulpJiathiazole and dried 

Discs of mauve blotting paper are impregnated by a “ 60-dropping ” pipette 
with 0‘04 ml, of a 0*25 per cent, solution of sulphathiazolo in broth, (The 
solubility of sulphathiazolo in broth is higher than in saline, which allows such 
a solution to be prepared easily.) The discs are dried in the incubator at 37® C. 
without a desiccant and stored in sterile screw-capped pots \mtil required. 
IVlien such discs are used on blood agar cultures zones of inhibition of growth 
occur and presumably indicate sensitivity of the bacteria present to sulpha- 
thiazole. The absence of an obvious zone of inhibition may not imply absence 
of sensitivity to the drug, for blood agar contains a sulphonamide inhibitor. 
The use of lysed blood in the agar os recommended by Harper and Cawston 
(1045) apparently obviates this difficulty. Although the significance of a 
negative result has not been worked out, the results obtained with sulphathiazolo 
are given because there seems no reason to doubt the significance of the inhibition 
zones which are commonly seen around the discs, even on blood agar cultures. 


Results with 34 swabs from 16 wounds tested vnth dried penicillin 
and sulphalhiazole discs 

The swabs were cultured on 6 per cent, horse blood agar and lysed blood 
agar. The distribution of bacterial species, with their sensitivities to penicillin 
and sulphatliiazole, is shown in table H, When the result for sulphathiazolo 
differed on the two media, that for lysed blood agar was recorded. 


Summary 

!• A simple and rapid method of determining sensitivity of bacteria to 
penicillm on primary plate cultmes by means of impregnated blotting paper 
discs is described. 

?*. method is likely to be of special use in small laboratories in which 
pemcilUn work is only occasional, since it obviates the need to prepare and 
store solutions of penicillin. 

similar method has been tried to detect sensitivity to sulphonamides. 
though the implications of a negative result have not been worked out, this 
method reveals a certain number of strains which are sensitive to aulphathiazole. 
It also U quick and convenient. 
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Table n 

Sensitivity of bacteria from 34 stcabs from 16 wounds as tested mih rfrW 
penicillin and stdphathiazolc discs 


Bacterial bikicIgs 

No. of 
TPounds 

renlcUlIn 

6ulrb2tlhi<’‘ 

No. of 
sensitive 
strains * 

No. of 
resistant 
strains • 

No. cf 
sensitive 
strains • 

i'o. cf 
rr<!<tir* i 
nrs!:.* • ; 

Hmmolytio streptococci 


13 

0 

13 

j 

0 ! 

Staphylococcus pyogenes 


25 

1 

24 


Co ogiilaso -negative staphylococci . 


3 

1 

2 

« ! 

Coliform bacilli .... 

6 

0 

7 

4 


Diphtheroid bacilli 

11 

12 

1 

11 


Proteus ..... 

3 

0 

3 

3 


Pseudomonas pyocyanea 

o 

0 

3 

2 

1 ' 


• The ■word " etnin " denotes an organism derived from one swab rc^rdless of vrhcthrr or r » 
similar organism was Isolated on another occasion from the same wound. 


The work reported in this paper was done during the tenure of a grant 
from the Medical Research Council. I wish to thank Profe^or H. 
and the staff of the Department of Pathology of the University of CBmlrij^ 
for their help and advice, Mr R. Weeden Butler, F.B.C.S., of Addenbrootcs 
Hospital for his help and for giving mo access to patients under his care a.. 
Mr H. P. Hudson for preparing the photographs. 
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THE ADHESIVENESS OF BLOOD PLATELETS IN RABBIT 
TREATED WITH DICOUJIAROL 

Helen Payling Wrigiit, Gibson Scholnr 
From the Department of Pathology, Guy s Hospital Me 

Dicoumarol (3, 3'racthylenehis [4 for 

in clinical medicine for preventing the formation of _ ’ 

the extension of any already in course of developmcn • . ofp.'Otl-*''" ‘ '' 

act ns an antithrombotic agent by its inhibition of the pr 















^ Caso J C ouiul Shtpf jlocaccHs nttretis (largo colonies) and diphtheroid bacillus, 
both eeiHitno to ponicilhn («hito disc) and resistant to sulpliathm^ole 

H Secondarily mfectid needle track abscess at site of administration of 
continuous mtramusculnrpenicillin drip Tlio follow ing colonics may bo seen (1) Slaplylo 
cocciM aureut sonsiti\o to penicillin resistant to sulplmthiazole These are the largest 
colonies Msiblo m the rono around the siilphathinzolo disc but obscured in all other 
parts of the culture (2) Diphtheroid bacillus 1 ' , sensitive to both penicillin and 
8ulj)hathmzolo ihis is the predominant organism in the culture (3) Diphtheroid 
bicilhw 2 resistant to peniciUm sensitive to sulpluxthiazolo A few colonics onlj 
arc visible around the penicillin disc 
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the liver, but the detaib of its mode of oporation in oounternotinB tho 
formation of platelet thrombi in the oircolntmg blood nro etill olJS'=^- Ea™" 
observations (Wright, 1941) showed that the odbesivoness of blood platelets la 
decreased by tho addition to blood samples in vitro of various substanoos (hopann, 
sodium oxalate and two chlorarol dyes) which mterfore with coagulation at 
some essential stage The present observations upon diooumarol, which acts 
as an anticoagulant only m mwi, were made to determine whether this drug also 
affects the stickiness of these hlood elomanla 


Methods 

The methods of counting the platelets and determining their stickiness 
have been d^enbed previously {Wnght, 1941, 1942 and 1944) Prothrombin 
times were estimated by the method of Quick and Grossman (1040). 

A group of 12 full grovm rabbite (2*5 3 kg ), maintained upon an ample 
diet of fresh vegetables! bran and oats, was used for experiment Six were 
mjeeted intravenously with dicoumarol • (0 05 mg. per kg. body weight) daily 
for 7 da>’s (c/, Bose et al , 1942). The other six received 1 mg of dicoumarol 
per kg by mouth daily for 7 days j this Was given by stomach tube to onsuro 
that the whole dose was adnunistered. 

Venous hlood, ohtaiaed by razor cut of the marginal ear vem, was used 
for prothrombin tunes and for eatimation of platelet counts and stickmess 
These observations were made on the first day of administration of dicoumarol, 
on the 7th day, and again on the 14th day, when the drug hod been withdrawn 
for a week 

Jiestdts 

The average platelet counts, together with their standard errors, and the 
average prothrombin times are set out in the following table. 


Table 

SjS^ect of dicoumarol upon the ptaUlet count {thousands per CTnm.) and 
prolftrombin time (seconds). Average of G observations xn each group 



Oral 

latravenoM 

PUteiets 

.. 

Prothrombta 

tla« 

FUtelets 

Prothrombla 

ttn«5 

Initial 

e46±28 

15 5 

64G±30 

IGO 

1 7th day 

651±18 

31 9 

564 ±27 

30 5 

1 Hth day 

656 ±22 

14 6 

£i33±SS 

16 5 


It can bo seen from this table that the dicoumarol made no significant 
differenoe to the number of circalating platejete, a fact previously remarked 

<*®*3) and Spooner and 

Meyer (1944). Daily administration of the drug, however, roughly doubled tbs 

sicn &om\b *'*“®’* ephemeral Ltion can be 

sec^rom the fart that the tune had reverted i/a normal bp the 14th day 

JVn ‘’’I. »» atiekmess of the platelets can ha 

seen m the figure. From this it is evident that on the 7th day their stielnnoss 

twCr Tl" howeverfwhen the pro 

IbZ rfaiS"? >*» ongma’ value, the curve showing the removal 

of the platelets was much the same as that found mitially. ° 

The diooumenn (“Tempann”) was badly supplied by Herts Phannseeutieals 
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Tlio changes in platelet stickiness and prothrombin time were simihr k 
both groups of rabbits. All the animals in the intravenous group Eum\-cd, 
but in the group which received the drug orally, two died after the 7th (Vo 
from severe gastric hamorrhage caused by the passage of the stomsch tube. 
The results obtained on these animals were discarded, and two other rabb;;« 
were substituted. 



In earlier work it was found that the Stickiness vi= 

lessened in the presence of various anticoagidan su present, and ib* 

inversely proportional to the concentration of M independent cf 

rate of removal of the platelets from rotated °° /honarin), nnticaleeaa 
mode of action of the drug, whether antiprothrombm (heparin), 

(sodium oxalate) or antifibrinogen (chlorazol -nrifjorcd uncoagnl'.t ’ 

In the present experiments the rabbits’ bloo ^ g giiow, howevf?- 

by creating a deficiency in prothrombin. The o 

that dicoumarol, with its very different uiodo ° with the af'-*' 

adhesiveness of the platelets to a degree very simi nr nrothrombsn ten 

coagulants previously used. The changes in s ic cm pfttkr-’ 

in the present series were, moreover, closely . whom dicoura''-''' 

studied by the same techniques by Spooner and * y > 


had been administered therapeutically for ®,^f>^‘^„,.u„eabvthodicou^‘'- 

The reduction in the adhesiveness of the pin mechanism of 


[cod 


The reduction in the adhesiveness oi tno pi - i mechanism 

again appears to be related to an interference wi ^gsii with 

coagulation, since the changes in stickme&s ran ^ ^ correct, 

proairombin time. If the suggestion proviouslj adcanc 
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the stickiness of plnteMa is due to a fdm ot fibrin on their s^fhce, the lessened 
stickiness in the dicoumfirol-troated animals may have resulted the inter- 
ference with prothrombin formation, 80 that the kmase liberated m minute 
quantities on the surface of the platelets had no substrate on which to act. 
Thus interference with the coagulation process at any stage is reflected in 
changes in the stickiness of the platelets in the blood samples. 

The action of dicoumarol in reducing platelet stickiness in vivo may prove 
to be of great importance in clinical practice. Tlio connection between coagula- 
tion and thrombus formation is still obscure, but it is known that the platelets 
participate in both processes, for they form the main component of the -wlute 
thrombus and are also an important source of tlirombokin^e. The limitation 
of their tendency to conglutination by the restriction of their power to promote 
fibrin formation on their surface might be an important factor in the control 
of intravenous thrombosis. 
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COAGtlLATED PLAIN SERUM AS A DIFFERENTIAL MEDIUM 
FOB CORYNBBAOTEBIUM DIPBTHERIO: 

G. B, Forbes and C. Rickwood Lank 
From a general hospital and a mobile bacteriological laboratory, B,L.A. 


Most bacteriologists use Loeffler's medium in conjunction nrith one of the 
telUnite medio for throat swab culture for the detection of C. diphtheria:, but 
a number of workers have tried, and found more effective, coagulated serum 
without the addition of glucose broth ; one of us (C. R, L.) has obtained 
excellent results with such a medium for many years. Dudley ( 1923) was of the 
opinion that Loeffler’s medium is distinctly i^erior to plain serum. 

A recent outbreak of diphtheria in this area boa afforded us the' opportunity 
of drawing a comparison between Loeffler’s medium and coagulated plain senun 
(C.P.S.). The auperiority of C.P.S. over Loeffler’s medium was so strikinc 
that wo are prompted to publish this short account of our findings 


Preparation of coopuioted plain serum 

Semm from horse blood obtained from the abattoir is aUowed to separate 
vs syphoned off mtOBtervle flasks and distributed in 2 ml. quantities into sterile 
screw-capped bijou bottles. The-medium is coagulated in the inspissator, the 
temperature being raised to IS” C. and maintained at that level for 4-5 houra 
jomm. or fatq.— tol. ivti 2 b 2 
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Sterilisation is effected by placing the coagulated slants in a steam stenliv* 
and subjecting them to moist heat at 100° C. for twenty minutes on thrt^ 
successive days. Alternatively the serum may be Seitv.-filtered in bulk undfr 
sterile conditions, tubed, and coagulated in the inspissator at 7o"* Ci ICo 
further sterilisation is then necessarj'. 


Comparison of coagulated plain scrum and LocJJlcr's scrum in 
routine diagnostic worh 

Tliroat swabs submitted for bacteriological examination from sinpccto: 
cases of diphtheria wore inoculated on LoefHer’s medium, C.P.S. and Hoyis’s 
modification of Neill’s medium, using the same swab for all three. Hoyle’* 
medium was invariably inoculated last but the order of inoculation of lb 
serum media was reversed from time to time. After 18-24 hours’ inciibati'c! 
at 37° C. smears from Loeffler’s' medium and C.P.S. wore each stained by 
Albert’s method and examined microscopically. The presence or absence of 
morphological G. diphthcrioc was noted, Hoyle’s medium wn.s examined c! 
the end of 24 hours’ and again after 48 hours’ incubation. Suspicious colons'^ 
on this medium were transferred to Loeffler'e ntediunt end their identity checM 
by film examination and by fermentation reactions. Tj'po differentiation "f.* 
carried out in all cases. 

This routine was adopted until the number of swabs which yickbl 
C. diphtherias in culture on either one, two or all thi-eo media had rcacliM t 
total of 100. Of these su'abs 99 were positive on Hoyle’s medium, 98 on 
and 74 on Loeffler. In the one instance where G. diphthericc failed to pn'T 
on Hoyle’s medium scanty morphological diphtheria bacilli were present fc 
both Loeffler and C.P.S. and their identity was confirmed by suboulturing tl' 
growth from these media on to Hoyle’s medium. A few colonics of C. 
milis were thus isolated. The comparative results with Hoylo’a medium sd 
Loeffler are similar to those recorded by others for Loeffler and tellurite m''!-'- 
c.g. Knox (1944). 

The total number of positive cultures on C.P.S. (98) compares 
with that on Hoyle’s medium (99), the difforcnco being in fact aIntbtiW'} 
insignificant. Moreover, tolliiritc-containing media, although highly 
for tlio groudh of diphtheria bacilli fall short of the ideal in that the moniha- 
of the organisms is frequently atypical, and C.P.S. has the ad%’antnge of ; 
normal morphology. . 

The superiority of C.P.S. over Loeffler’s medium for the 
C. diphthericc in mixed culture is evident from the greater number 
cultures obtained with it. Jloreover, the total number of positives on 
medium was to a certain extent weighted by' the fact that in a number o 
very scanty diphtheria bacilli were detected on this medium j 

exhaustive search of the film, prompted by the presence of numerous t ip ^ 
bacilli in the C.P.S. film. Furthermore the advantage lay with Loeffler s m 
in that this medium was inoculated before C.P.S. in the great mnjontj o. 

Not only does C.P.S. give a higher percentage of positive resu 
addition it usually gives a much more profuse growth of diphtheria 
mixed culture. Only occasionally was the growth 

media, and thus occurred usually when a tag of diphtheritic ,f 

adherent to the throat swab. In these circumstances a „ fi-'f 

G. diphtherias is to bo expected on almost any medium. It sbou 
that all films were examined by two observers working indepeudorU Vf!'”* 

in interpretation occurrctl seldom and then only to a minor -i 

slight disagreement did arise the films were re-examined and t it I't 
if ncce.ssnry. 
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Di8€U3»ion 

It should be stressed tlmt C.P.S. possesses no advantage over LoefUcr's 
medium for the growth of C. diphtheria: in pure culture, and in fact gives a less 
luxuriant growth from an equal inoculation of a pure culture. In mixed culture 
from throat swabs, however, a growth of C. diphtheria: is obtained more readily 
on a serum medium which does not contain glucose broth. Wo feel that the 
absence of the gro^vth -promoting properties of glucose or broth from the 
medium, while depit^aing th^ growth of G. diplUlicricc to aotno extent, depresses 
the growth of most of the concomitant throat bacteria to a greater degree. 
Wien either glucose or broth are present tho concomitant flora may overgrow' 
or completely mask tho O. diphtheria:. Tho ToauUa of the followmg obscr\*fttionB 
support this view. 

Throat swabs from several cases of clinieol diphtheria were inoculated on 
to the followmg three media: (1) C.P.S., (2) C.P.S.-f0‘25 per cent, glucose 
{equivalent to the final concentration of glucose in Loeffler'a medium but with 
negligible dilution of tho sorum), (3) C.P.S.-hl/3 of its volumo of nutrient 
broth. As in the main experiment the same swab was used for all three media 
and tho order of inoculation was varied. C. diphtheria: was recovered from 
eight of these swabs. The proportion of O. diphtheria: to other organisms wan, 
with one exception, greater on C.P.S. than on either of the other medio (table). 


Table 

Oompariion between the amount of growth of C. diphtherice on 
coaj7>Jlated plaiVi «cnim Mfith ond glucose or nutrient broth 


!S«&b no. 

Medium ' 

C.P.S. 



1 

4- 


_ 

2 

4.4.4. 



3 

4- + 4- + 


4" 

4 


4. 4* 4* 

4. 4. 4- 4. 

6 

+ + + 

— 

— 

D 

+ + + + 

+ + 4- 

4* 4* 

7 

+ +4- 

4* 


8 

+ + + + 

4* 4- 

4.4.4. 

Total plus value 

20 

11 

H 


ssa pToCusQ growth of <7. iliphtheri<3e (almoat pure culture). 

4. 4. 4, sat numerous O. diphtherifs 
4. 4. s« tiumbor of G. diphtherias 
4. « scanty O. diphtheria: 

~ ~ no C. rftpftrteriw 

Throughout the main investigation horse sonim was u.sed in tho preparation 
of both C.P.S. and Loeffier^s medium. More recently we have prepared C.P.S. 
from ox serum and the results have been very satisfactory. Ox serum ia 
perhaps alightly loss inhibitory than horse eerum to the concomitant throat flora. 

Of the 100 covsea referred to in the main part of the inveaUgation 33 were 
of the grai-js type, 2G I'nfrmicdins and 41 tniiia. C.P.S. did not appear to 
favour any one typo more than another. Of tho two cases which failed to grow 
on C.P.S., one was of the gravis type, the other miiie. Tho 2C strains which 
faded to grow on Loefller’s metUum were composed of 12 gmuia, C infcnnediua 
and 8 
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The morphological characters of C. diphlhtrUc ore reproduced cquallv 
on LoefHer’s medium and C.P.S. We cannot agree •with Gold.wort))}- m:i 
Wilson (1942) when they state that the morphology of graeis strains on jiliin 
inspissated serum is imsatisfnctoiy. Wo feel that these authors me plsclnr 
too much reliance on metaohromatic staining. 


Summary 

1. During an epidemic of diphtheria, throat swabs 'n-ere inoculated inpsmlU! 
on to (I) LoefHer’s medium, (2) coagulated plain scrum and (3) Hoyle’s tnwliiiK. 
the same swab being used for all three inoculations. 

2. Of the first 100 swabs to yield 0. diphtheria; in culture 74 were pcs^itiveni 
Loefiler’s medium, OS on coagulated plain serum and 99 on Hoyle's medium. 

3. In mixed culture G. diphtheria: grows more profusely on coagulated p! lin 
serum than on Loefiler’s medium. A possible o.yplanation of this finding i' 
discussed. 

We wish to thank Colonel C. E. Ecclcs, O.B.E., for permission to publi-''; 
this article and Sgt. F. W. C. Watts, Il..A.]\I.C., for his technical assistance. 
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A METHOD FOR THE INHIBITION OF SWARMING OF B. PhOTlO-' 


jMniA K. Beattie 
Indian Medical Service 

In the cultivation of micro-organisms from chronic war woun ^ ^ 
following method has been found useful for the prevention of sviarm. 
Bacillus proteus on blood agar. 


Principle of the method 

By inoculating rabbits with increasing doses of of c.-'-' 

V high titro senun can bo obtained. As there is a^considorab c ft fs p -■'d'''- 
igglutination between various strains of B. proteus (1 ncoh. Wa •- *• * 
by preparing n polyvalent serum against four or five strains w iic i ^ j, 

jigglutination, to obtain blood wljich will inhibit the s'svarm . 

cnajority of strains isolated from chronic wounds, . f"” 

strain may crop up in which swarming is not inhibitcci, an 
incorporated in subsequent stispcnsioirs for inoculation into m 
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Froudurt 

Four or five strains of B. proteus ■whicli showed no cross agglutination were 
selected. Saline suspensions of these were made from agar slopes which had 
been subcultured from broth durmg the logarithmic phase and heated at 60® C. 
for half an-hour. The suspensions had a turbidity correspondmg to Brown’s 
no 8 or 9 standard opacity tubes. Equal parts of these suspensions were 
then mixed and 0 1 c.c mjected mtravenously into a rabbit’s ear. In our early 
attempts living cultures were used, startmg with 0 1 c c. and mcreasmg the dose 
at 3 day intervals up to a maximum of J c c , when a titre of 1 . 6000 to 1 : 10,000 
was obtained As these animals died after on interval of 3 weeks to 1 month 
with loss of weight and paralysis of the hind limbs it was decided to use Jailed 
cultures m the mitial stages and to follow up later with hvmg cultures of an 
opacity standard equal to Brown's no. 1 or 2 tube A titre of 1 . 3000 was 
easily obtamed m this way m a short time. 

In order to ascertam the critical level at which swarming could bo prevented, 
varying dilutions of serum m salme were mixed wnth ordinary rabbit blood agar 
and plates were prepared. It was found that a final dilution of 1 : 1000 (t e. 
1 c c of 1 ♦ 100 dilution of serum added to 9 c c. of blood agar) mhibited 
swarming, while 1 ; 6000 was meffective. Even after one month the titre of 
the rabbit’s serum was sufficiently high to bo used successfully without further 
moculation of the animal, the titre of the serum bemg taken mto account m 
assessmg the amount of serum to be mixed with the blood 

A simple method was finally evolved which gave good results and which 
consisted in mixing one part of whole blood of an moculated rabbit with 2 parts 
of ordinary rabbit blood and preparing blood ngar from the mixture Used 
m this way a titre of approximately 1 1 3000 was found to be effective. A senes 
of rabbits can easily be mamtained with sera of this titre, and the anunals 
can be used m rotation for preparmg anti swarmmg plates. 

Cultures of haamolytic streptococci, pneumococci, Sirtp vindane, staphylo- 
cocci, diphtheroids and Bact. coU were tested on these plates and no inhibition 
of growth was observed. 

The advantages of the method are os follows. ( 1 ) B. proteita is not completely 
inhibited, only its swarmmg, while a stock of high titre serum is available for 
detecting the non spreadmg colonies of B. proteus by direct slide agglutination 
(2) The method is specific for B. protett9. (3) It is more economical than using 
8 per cent agar, which was also foimd effective but consumed large quantities 
of agar (Hayward and Miles, 1943) 
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The roticulo-endothelial system in suHonamide activity 

By F. T. Maheii. Illinois Monographs on the Medical Sciences, vol. v, 
nos. 1 and 2. 1944. Urbana, 111. : Tho University of Illinois Press. Pp.23i!; 
23 figs. S3. ( S2.50 paper bound.) 

This book comprises work presented ns a Ph.D. thesis in 1941. Protoce'^ 
are given in full and over 600 references are listed, wliich cover mo=t of tL' 
relevant literature up to that date. In a historical introduction the rnnin 
effects and possible mechanisms of sulphonnmido activity are reviewixl. 
This is followed by n detailed description of methods and procedures an l 
of what the author calls “ limiting experiments ”. These sened |i 
determine and justify the choice of experimental animal (rabbit), mfectic; 
organism {Staphylococcus aureus), blockading material (thorotrast) (Uii 
chemotherapeutic agent (sulphathiazole). Details of dosage and the tiin» 
factors to bo observed are also included. Streptococci were not 11=^1 
because (a) no strain was foimd which proved uniformly virulent to nihl)!!*, 
and (6) thorotrast was shown to have, in vitro and in vivo, a dc!init‘'!y 
attenuating effect on these organisms but not on staphylococci. 0: 
particular interest among these “ limiting ” experiments arc .some dcaliW 
with the conjugation of sulphonamides. In a significant number of robh;'.' 
in which the reticulo-endothelial system was acutely blocked, acetyhti-'T 
of sulphanilamide was either reduced or prevented, but the some doe* m 
seem to hold true for sulphathiazole, although the figures concerning tic 
conjugation of this drug are scantier and less convincing. ^ 

Administration of the drug alone, in therapeutic doses, to bfocfci. 
rabbits produced no evidence of toxicity. Infecting inocula in ( 
sublethal and just lethal for normal rabbits were rapidly and imiform ) 
for acutely blockaded rabbits. Upon such rabbits sulphathiazole t 
had no protective effect in spite of the presence of blood 
the drug comparable to those effective in non-blockndod infccteri ^ , 

If sufficient time (3-4 days) is allowed to elapse after roticulo-cw n 
bloclcage to permit proliferation and functional rccovciy of t ic i )>,• 
sulphathiazole treatment again becomes effective. It is ‘^°”*^ **' *^ r jp, 
in the resistance of rabbits to staphylococcal infection the func i«n ^ 
R.E.S. is of primary importance, and that for sulphnthiazn o trc. 
to bo effective its functional integrity is vital. ^ ^ ifwir.-i''.’ 

The author, then, ascribes to the R.E.S. a primary' on 
role in the mechanism of sulphonnmido therapy. A theory o t 
is not advanced, though the author goes so far ns to claim (p. .■. 

colls of the R.E.S. a chemical function in “cctylating sulphonatm- ^ ^ 
a claim which appears to be insufficiently .substnntintct . 
wonders whether such acute R.E. blockage iniglit not mere 1 ‘ .j 

an obstruction of the route along which the drug "ou ' f r 

to reach those cells of the host which may be the rca j ' 
sulphonamide metabolism and activity, r.ff. the liver cc s pro 

Though the results are not always clearly definiy . '• i., f,,- anj'"* 

certainly cover an extensive field and will serve well n^ a gt 
embarking on similar studies. 
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PEOCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

2Qth and 30(/i June 1945 

The eixty-ninth meeting of the Society was held in the Department of Physiology, 
the University College of South Wales and Monmoutlishire, and m the 
Institute of Pathology, the Welsh National School of Medicine, Cardiff, 
on Friday and Saturday, 29th and 30th June 1945. 

Communications and demonstrations 
Those marked with an asterisk are abstracted below 

M. H. Salaman. The occurrence of orgamsms of the pleuropneumonia group 
m the genital tracts of men and women. 

J. D, SIaoLettnan and R. G. Macfaklan’E. Field studies on gas gangrene. 

W, E. VAN HEYNmaEN, C. L. Oaklev and G. H. Wamlack. The collagenaso 
of CL per/nngene. 

R. F. Menzies and J. CnuiCKSHANK. Bacterial cellulose and some possible 
applications. 

•N. GoonMAonTiaii. Observations on the juxta*glomerular complex. 

J. A. Fishee and T. F. Hewer. The relation between the adrenal cortex and 
h5T)orten8ion. 

J. B. Duouid. a factor m the pathogenesis of coronary atherosclerosis. 

Sheila Sherlock. Aspiration hvor biopsy teclmique and its application to 
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FACTS IN FAVOUR OF AN ENDOCRINE FUNCTION 
OF THE RENAL ARTERIOLES 

N. Goorsiaghtigh, Ghent 

The media of the renal arterioles is composed of fibrillar and afibrillai 
smooth muscle cells. The latter form the chief component of the juxta- 
glomerular apparatus and are granular only in those which are connected with 
the superficial glomeruli (young rabbits). When granular, they show evidence 
of glandular activity, the granules being ultimately dissolved (Iddney of rabbit). 

In slightly ischnemic kidneys of rabbits of which the minary function b 
unimpaired, the characteristic histological changes consist in hypertrophy of 
the pre-existing granular cells and the appearance of granules in ther afibrillar 
cells of the juxta-glomerular apparatus corresponding to deep-seated glomere 1. 
In the pre-glomerular arterioles closest to the renal capsule some of the fibri sr 
smooth muscle cells of the media become afibrillar and granular. A o'^ 
glomeruli regress. These changes precede the rise of blood pressure on afo 
observed from the 24th horn: onwards. They are only detected after a care 
examination of trichrome preparations (Bouin-HoUande or Helly fixation). 

In severe renal ischcemia leading either to partial infarction or to a rop 
and loss of differentiation of the renal tubules the arteriolar changes are in^ 
striking : the granular transformation of the medial cells extends 
the interlobular arterioles, the granules stain more brightly with eit 
fuchsin or iron hsematoxylin, the nuclear hypertrophy is more pronounc 
there is evidence of mitotic activity. gnecial 

In excessive renal ischsemia three histological features desew 
mention, (o) In the border zone of an infarct the afferent arterioles o yu^ 
glomeruli remain patent for some time and almost all the smooth 
of the media become granular. The intensity of this transformation OT 
its relationship with the sluggish blood circulation and -gjgg and 

supply. (6) In the intima of the corresponding interlobular gpjjtain no 

interlobar arteries, round afibrillar cells appear, most of whic 
granules, though exceptionally a few do. This observation sugg 
function of the non-granular afibrillar cells is closely related o of 

granular cells, (c) Often the glomerular tufts are involved m tne y 
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granular aHbnUar transformation, a fact whioh pomta to the close gonotio 
and functional relationship of tho cells of the glomorular mesangium with the 
smooth muscle cells of the arterioles . tho glomerular tuft is an arteriolar segment 
adapted to the function of filtration 

These arteriolar changes following fltricture of the mam renal artery or 
repeated blood tappings coincide with mcreased endothelial permeabihty and 
diffusion of plasma constituents m the artenolar wall Close to the afibnllar 
cells showmg incipient signs of degeneration we observe the first deposits of a 
lipoid or a sideropbil substance 

The granular afibriUar reaction described above declmea from the third 
month onwards in kidneys nhich remain functional In excessively isch'cmio 
kidneys it may still be very marked about the third month but may be absent 
m other specimens of tho same date Two months after excessive stricture of 
the renal artery one is never euro m what condition the arteriolar media will 
be The possibility of a succession of waves of granular change m the arteriolar 
wall must be contemplated 

Our data concermng the transfer of these observations to human morbid 
histology may be briefly summarised Jii normal kidneys of young subjects 
fixed m formol. Bourn HoUande or Helly and stamed by Masson’s tnehrome 
methods, the afibnllar cells ore devoid of granules In four cases of crush 
wound anuria, one case of traumatic uriemia and two cases of eclamptic anuna 
the hjTiertrophy of tho afibnllar cells of tho juxta glomerular apparatus was 
considerable Especially m cases of crush syndrome or traumatic unemia the 
granules are abundant (fine fuclismophil or coarse siderophil granules) ond the 
oytological signs of glandular activity oro evidont A striking analogy is observed 
with the arteriolar changes m severe renal ischremia mduced by the Goldblatt 
clamp Tho structure of the glomerular tufts, however, is but little modified 

In all cases clinically diagnosed as acute or subacute glomerulo nephntis 
or eclamptic uitemia, either the juxta glomerular apparatus or the glomerular 
mesangium is involved The former is hypertrophic and sometimes shows 
signs of acute regressive change The mvolvement of the mesangium, observed 
more often m subacute oases, is marked by the multiplication (mitotio activity) 
and afibnllar transformation of its cells, while its ground substance is reduced 
to a fine collagen network 

As to the transfer of the experimental data to tho morbid histology of 
benign hypertension, it must be kept m nund that m experimental renal 
ischtcmia with mtact unnary function tho artenolar changes are very discrete 
and the signs of enhanced glandular activity of the juxta glomerular apparatus 
transient In benign hypertension striking cellular changes are only seen m 
the earliest stages of a process which extends over decades However, the 
afibnllar transformation of the arterioles connected with hyalmiaed glomeruli 
resembles the correspondmg changes observed m ischaemic rabbit kidneys 
In other words, the progressive glomerular regression observed in human 
contracted kidneys entails the contmual fonnation of transient afibnllar cells 

We consider that these facts support the theory of tho endocrine function 
of the media of tho renal arterioles (Goormeghtigh, 1944) In the light of the 
experimental data on renal ischaimia, the histological data suggest that the 
granular afibnllar colls mtervene m the formation of a vasopressive substance 
The discovery of the glandular activity of tho afibnllar smooth muscle cells 
supports tho idea of a musculo endoenne mechanism of vasomotor activity 
e\ ontually mdependont of the nervous mechanism 
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HYDRONEPHBOSIS ; HISTOLOGICAL RESEMBLANCES TO LATE 
CHANGES IN THE CRUSH SYNDROME KIDNEY 

t 

E. G. L. Bywatebs * 

Department of Medicine, British Postgradimte 
Medical School, London 

In, II cases of hydronephrosis produced by neoplastic blooliage of the ureter, 
the renal tubules had ruptured and passed their colloid contents into tte 
interstitial tissue and thence into the renal veins, where a secondary clot \m 
sometimes formed. The extruded casts, if of any size, usually contamed 
recognisable tubular epithelium. The . appearance closely resembled that of 
the late stage of crushing injury or mismatched transfusion kidney. It has 
not yet been possible to secure clear evidence of pulmonary emboUsm. It is 
significant that this intravenous extrusion was marked o^y in the svfollen 
and acutely obstructed kidney. At a later stage, large interstitial cysts (Ponfic!:, 
1910, 1911) containing similar colloid material were seen. These were thought 
to be remnants of the acute stage of extrusion : they may easily be distinguished 
morphologically and tinotorially from the hyaline (collagenous) transformatioa 
of glomeruli characteristic of the final atrophic stage of hydronephrosis. Stoilsi 
interstitial and intravenous extrusion of cast material has been seen in one css 
of calculous anmia and one of papillary blockage by sulphonamide ciystsh 
(see also Maisel et ah, 1944). Isolated cast extrusions may also be seen h 
nephrotic nephritis and in salyrgan nephrosis. The lesion is thought to indicatt 
an increased gradient of pressure between the tubules, the interstitial tissue 
the veins, in that order. Shearing stress may play a part in the localisation Oi 
the lesions. 

Reference to such histological lesions in human pathological material ^ 
not yet been found, but the experimental production of reflux into ^ 
from the distended pelvis has been established in a series of papers by 
and his collaborators (Hinman, 1936). According to Fuclis (1931) rup ^ 
occurs at the fornix of the calyces and then into the interlobar veins. 
probable that these experimental lesions are different from those demo tu 
in human hydronephrosis, where the initial lesion appears to be tubu ar. 

This finding throws light on the pathogenesis of the 
myohsemoglobin kidney. It supports the view put forward elsewhere, 
from the experimental production of renal failure after the jjjj 

myohsemoglobin (Bywaters and Stead, 1944-46) that "while ™ 
blockage of the tubules might play a small part, . . ■ ’ ® „ j,j- 

"... acted probably in a more direct way on the tubules-— 
producing a physiological (resoiption) blockage with a rapid rise m m 
pressure ” (Bywaters, 1944). 


Btwaters, E. G. L. 
Bywatebs, E. G. L., 

d. K. 
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A aiETHOD OF SUPPRESSING PROTEUS AND COLIFORM 
BACTERIA ON ROUTINE BLOOD AGAR PLATES 

John Bray 

From on Emergency Medical Sennet Pathological 
Laboratonj, London, Sector VI 

\^Tiile testing the effect of various volatile substances on the swarming of 
Proteus it was found that there is a significant difference between the sensitivity 
of some types of Gram positive organisms and those of the coliforra group to 
the lethal action of ethyl ether A blood ognr plate inoculated with a imxtute 
of Proteus and ^ hocmolytic streptococci and exposed to ether vapour for lO 
minute will, under certain conditions, yield a pure growth of streptococoi. 
This method of obtaining pure cultures has been tested with mixed cultures 
as well as swobs from wounds, and without claiming too much for the method 
It is considered that it may, in some circumstances, be useful 

Methods 

Well dned blood agar plates were inoculated from a swab and spread evenly 
With a smooth loop without breakmg the surfoce of the medium. They were 
then mverted over a Petri dish contoinmg a few c c. of ether, exposed to the 
vapour for varying periods of tune, removed and allowed to remam tilted fauo 
downwards on the bench to allow the film of moisture which forma on the 
Surface of the medium to dry off and finally mcubated in the usual way. 

All strains to be tested wore grown for 24 hours m broth or peptone water 
and dilutions of these cultures made by adding increasing numbers of drops 
to a senes of test tubes each contammg 5 c c of horse serum. The swabs used 
for seeding the plates were dipped mto the serum and the excess of fluid squeezed 
out on the side of the tube. As a result of prelimmary trials with pure end 
mixed cultures a standard procedure was adopted of addmg 8 drops of coliform 
culture and 1 drop of the culture of ell other organisms to each serum tube. 
The optimum time of exposure to ether vapour which was lethal to the colifomis 
Without destroymg too many of the streptococci was found to be 10 minutes 

Results 

The followmg bacteria were tested, the number precedmg the name of eacjh 
organism mdicatmg the number of strams tested, while the amount of growth 
following exposure to ether is shown by (good or moderately good growth) ♦ 
i (poor or very poor growth) or — (no growth). ^ 

8 P. vulgarts, — , Z Pe pyoeyanea, — ; 3 Bact. colt, — ; 1 Bact. typhosutn 
— ; 8 ^ hiemolytic streptococci, + ; 6 a hseraolytic streptococci, 3+ and 3^1 
4 Str. pneumonia;, ± ; 2 Sir. faxalts, + ; 2 C. diphthence, ± ; 2 diphtheroids^ 
+ ; 2 Staph, aureus, -i- ; 2 Cl tielchit, i, * 
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All strains were sown from the same swabs on control plates which were 
not exposed to ether : these all showed a profuse growth. 

Effect on Proteus and conforms. Under the conditions stated the growth 
of Proteus and coliforms is usually totally suppressed. Occasionally a single 
colony may grow up in the thickest part of the inoculation, or a bubble hole or 
break in the medium may act as a nidus protecting the bacterirun from the 
ether. If this occurs with Proteus, swarming will originate from the solitary 
colony, but only a portion of the surface is obscured and the insensitive strain 
can readily be isolated. The addition of increasing doses of Proteus culture 
to the serum tubes showed that the inhibitory effect of the ether h affected 
by the size of the inoculum. Failure may result from too heavy an inoculum. 

Effect on Cfram+ cocci. Some strains of hsemolytio streptococci appear to 
be more sensitive to ether than others. Of the 8 strains tested the growth was 
reduced from profuse on the control plate to scanty on the ether-treated plate 
with 3 strains, from profuse to moderate growth with 4 strains and one strain 
remained tmaffected. Besides the reduction in number of colonies there was 
a slight reduction in the size of the colonies and the size of the hmmolytio zone. 
This was much more marked in the ease of Str. pneumonics, all 4 strains being 
ether-sensitive and showing very poor growth and abolition of the a haemolytic 
zone. 

Comparison vnth 6 per cent. agar. A munber of the swabs were tested in 
parallel on blood agar plates containing a high percentage of agar — 6 per cent. 
(Lichstein and Snyder, 1941 ; Hayward and Miles, 1943). With an inoculum 
of 8 drops of the coliform culture in the serum tube, although swarming did 
not occur the profuse growth of the coliforms obscured much of the coccal 
growth and in the case of streptococci there was not a marked contrast in the 
numbers of isolated colonies obtainable by the two methods. In the caM of 
Staph, aureus the ether method was superior in the number of colonies obtained. 


Discussion 

The effect of the ether vapour appears to be that of a weak antiseptic 
Following the use of this substance clinically in the treatment of woim S 
peritonitis etc. by Waterhouse (1916), Topley (1915) investigated the propenis 
of ether as an antiseptic and foimd that the direct immersion of Pact ^ ' 
60 per cent, ether was fatal to this organism in 3 minutes at room tempera 
and that the inhibition was partly determined by the size of the inoc ^ ^ 
In our own experiments acetone and alcohol vapour were without e ^ , 
the coliforms as were the ethers of low volatility — butyl, amyl an 
ether. Chloroform vapour rapidly IdUed both coliforms and streptococcu 
principal advantage of the method is that routine blood agar pla ^ 
and that no haemolysis of the medium takes place. The dmadvan 
that some care in the preparation and inoculation of the platM la 
and that if only few streptococci are present they would probably a sup 
by the ether. 
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TWO CASES OE MIXED MALIGNANT 

tumour of the breast 

A. D. Telford Govak 

From the Department of Pathologu, University, Birmingham 
(Plates L-LIII) 

Accordieo to Deaver and McFarland (1918) only 21 oases of breast 
tumours containing both carcinomatous and sarcomatous elements 
had been recorded up to that date. In 1924 Fitzwilliams could find 
only 20 references to this condition. Since then comprehensive studies 
of mammary tumours have tended to omit statistics on this subject 
and doubt has been expressed regarding the true nature of some of the 
cases already recorded. The condition would therefore appear to be 
extremely rare. Deaver and McFarland state that giant cell sarcoma 
is equally rare : they could find only 28 recorded cases. I can find no 
more than 4 reports of oases where giant cell sarcoma has been present 
in combination ^vith a carcinoma in the same breast (Sohlagenhaufer, 
1996 ; Schwarz, 1913 ; Hedr4n, 1915 ; Harrington and Idler, 1940). 

The following cases are described not only on the count of rarity 
of these growths, but also because the histological diagnosis appears 
to be unusually precise and the similarity of case histories and 
subsequent development makes them of clinical interest. 


Case 1 
Clinical history 

A. H., aged 37. married, was odmilted to the Queen Elizabeth Hospital, 
Birmingham, on 27.4.43, complaining of a swelling of the left breast which 
had been progressively enlarging for a year. For six months there had been 

JOCRN. or PlTH^TOl. ITII 297 O O 
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a discharge from the nipple. She had no pain in the breast but the nipple wn? 
tender. Previous health good. 

She was a well built adult female of healthy appearance. Her general 
condition was good and no evidence of disease could be detected in the heart, 
Imigs or abdominal organs. Apart from the mammary lesion the only 
abnormality consisted of munerous pedunculated “ warts ” on the face. 

The left breast was greatly enlarged and pendulous and the superficial 
veins were distended. Dark nodules apparently cystic could be seen shinini; 
through the skin. The upper half of the breast was replaced by a well defind 
cystic mass. A dry crust covered the nipple and the areola had a granulating 
appearance. The breast was mobile and not attached to the pectoral muscles. 

On 29.4.43 a local excision of the left breast was performed by Mr Sankey. 
The breast with the tumour was easily dissected from the chest wall and there 
was no suggestion of infiltration of the pectoral muscles. Convalescence wa5 
imeventful and the patient was discharged on^ 4.5.43. Deep ray therapy was 
given during Jime 1943 following a histological report indicating the malignancy 
of the condition. 

She was re-admitted on 15.1.44 with a lump under the arm which had 
appeared tliree weeks previously. Examination also revealed a small mobile 
nodule, unattached to skin or fascia, over the second left rib in the mid-axillary 
line. On 20.1.44 Mr Sankey removed the pectoral muscles together with the 
axiUaiy glands. She was evacuated from hospital on 25.1.44. 

The patient attended regularly at the out-patient department and ray therapy 
clinic but in May it was found that secondary masses had appeared in both lungs 
and in the spine. Two months later she died at home. 


Gross morbid anatomy 

The breast was almost completely replaced by tumour grotvtli and 
was grossljr enlarged, measuring 9x7 in. in its longest axes an 
approximately 5 in. from the nipple to the plane of excision. T e 
growth appeared to be well circumscribed and in parts alnios 
encapsulated. It could be divided roughly into cystic and non-ejs 
parts, giving the tumour an irregularly lobulated appearance. ^ 
cysts were irregular and haemorrhagic. They might well have e® 
formed bj^ necrosis of and haemorrhage into parts of the 
The neoplastic tissue consisted of solid wliite fleshy masses ean o 
'little resemblance to the usual carcinomatous gro^vths of tliis^ re^o^ 
In manj’^ areas it was haemorrhagic, soft and obviously 
At one point external to the nipple it had invaded the slun. 
was no suggestion of irregular or widespread infiltration of t 
tissue such as one finds in carcinoma. At aU points the gro 
clearly demarcated from the normal breast tissue. 


Microscopical characters 

The breast was cut into successive slices and pieces were take 
from (a) the central portion, including the nipple, succ^sive pie growth 

from the sm-face down to the plane of excision, (6) the jq cent, 

and (c) the solid and cystic portions. Most of these ivere xe 
‘formol-saline, others in formol-corrosive and a few in alco lo . 
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Ficj I Cose I A tj^icnl field m ono of tho mnm tumoJir musics, showing nell 

defined ftlvcoh of coremomu cella nnd surrounding sarcomatous stroma- H and E. 
X70. 



Vui 2 Ca-' 1 Purt of tho tumour near fi“ cyst”. Tlio growth w purely sarcomntmis 
njul luimorou'. capillaries can l»o Poen running through tlio mass of colls Tho 
ijrtt ” i-> olniously ti)c result of degcnorntion. H and E X70, 
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It was at once evident on mictosoopio examination that two 
t3T)e.s of growth, carcinomatous and sarcomatous, were present. 
The carcinoma could ho seen originating in the main ducts ahout 
ij mm. helow the nipple. Hem tire ducts were filled wtli masses of 
polygonal, obviously carcinomatous epithelial cells. They wore of 
fairly uniform appearance and mitotic figures were not numerous. 
Above this level the ducts were all mucli dilated. The carcinoma cells 
could be traced domi the ducts to the acinar tissue and bej'ond Into 
the surrounding stroma, where they formed fairly regular, large, 
rounded alveoli (fig. 1). In this form they could be traced throughout 
most of the central portion of the tumour mass but they were absent 
from the tissue surrounding the hsemorrhagio cysts and from the 
lobulated masses at the periphery. Here and there smaller and more 
irregular islands of carcinoma could bo seen in the central portion, but 
always well defined and clearly differentiated from the second typo 
of growth. 

The stroma in the superficial parts of the breast was normal, 
apart from slight mdema ; around the ducts there was a slight IjTupho- 
cytic reaction. In the deeper portion of the breast, however, the 
stroma had apparently undergone a sarcomatous transformation, and 
often the two types of growth could be seen growing side by side (fig. 1). 

The sarcomatous tissue consisted of closely packed cells with little 
visible stroma (fig. 2). In some parts, however, it had a myxomatous 
appearance. .The sarcoma cells presented a bewildermg variety of 
shapes, sizes and internal straoture, but several main types could be 
singled out for description. Bj' far the most prominent, although 
not the most common, were cells of giant size, frequentlj' multi- 
nuoloatcd. These were of two varictie.s. The first was strap-shaped 
(fig. 3) and frequently of tremendous size, measuring up to 300 p. in 
length. The cytoplasm was acidophilic and stained red with Masson’s 
trichromio method and brown with van Gieson’s stain. These cells 
retained the iron hrematoxylin of Hcidenhain strongly' and with the 
use of this stain and also Mallory’s phosphotungstio acid hmmatoxjdin 
several distinct cytoplasmic structures could bo made out. The most 
common of these was longitudinal fibrillation (fig. 3), easily 
demonstrated by Heidenliain’s method and very prominent in 
preparations stained with Masson’s triohrome. These fibrill® some- 
times ran the whole length of the cell and gave a feathery appearance 
at each end, hut they were fceqaently confined to the margins or ran 
from the nuclear mass towards one end only. Very often the fibrillas 
seemed to be broken up into rows of short connected rods, some of 
which appeared to be vacuolated. The second structure consisted of 
tiny dark points in the cytoplasm, frequently occurring in rows or 
pairs (fig, 0). The third took the form of groups of small dark bars 
situated at the margins of the cell and running part of the w-ay 
transverselj' across the cell (figs, -t and 5). More primitive examples 
of this consisted of small transversely placed rows of dots, again 
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running only part of the way across the cell. With Mallory's phosplio- 
tungstic acid hsematoxylin a very fine pellicle could be demonstrated 
(fig. 4) surrounding almost every individual cell. 

The nuclei also were very varied, but again certain types and 
characteristics could he defined. Many of the cells were muitinucleatcd 
and the nuclei, both here and in the mononuclear varieties, xisualh 
occupied one of three positions. They might be central and form 
an irregular mass, but frequently this mass was cigar-.sliaped in 
outline ; they imght be found at one end of a cell, producing a rather 
bulbous extremity; or they might be placed along one or both 
margins (fig. 4). The nuclear characters varied greatly, but in the 
resting phase they were oval and vesicular, with a pronounced 
karyosome and rather coarse, darkly-staining skein of chromatin. 
Nuclei situated at the margins of the cell, however, which also seemed 
to be in a resting phase, had no such definite characters. These vere 
usually spindle-shaped and homogeneous. Other very irregular nuclear 
forms were found, including some which were so intensely lyper- 
chromatic as to suggest pre-mitotic condensation of the chromatin. 
In many cells mitotic figures, frequently multiple, were seen. Many 
of these giant cells showed branching at their extremities. 

The second type of giant cell was polygonal, sometimes almost a 
true polygon, but more frequently' rougldy rounded, pear-, or (less 
commonly) tadpole-shaped (fig. 7). Occasionally' a well defined 
spider ” cell was seen (fig. 8). The nuclei of these polygons shoved 
the same variations as those described above. Longitudinal fibrillation 
was frequent and rows of paired dots or centrioles were common. 
Vacuolation was pronounced and at times of such a degree that t e 
cytoplasm was a mere foam. Appropriate stains showed that ro05 
of these vacuoles contained glycogen (fig. 10), 

The remaining cells were of relatively simple type spina e ce J 
of various sizes, some of them very long, and small round or po 
cells. In some of the former faint longitudinal and cross stria lo 
were abundant. Mitoses were frequent in these cells. ^ 

Although stroma was not visible by' ordinary staining me w > 
silver impregnation by Foot’s method revealed an abundant forma 
of reticulum (fig. 9). This surrounded the alveoli of carcmoma 
but it had no connection with the individual epithelial cells, 
tion of the sarcomatous tissue revealed an obvious contras ' ^ 
reticulum closely invested individual cells. Unlike mos sar 
the ' tumour appeared at first sight to he relatively 
closer investigation revealed a fine network of cap jn 

vascularity, however, was not of the degree usua J 
sarcomata. 
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JIlXED UALIGNAXT TUMOtTHS OF BREAST 



Fio 3 — Cr^o 1 Strap shaped cell shouing 
branching and longitudintl atriation 126 /x 
long Hcidenliam 8 ironliTmatoxylin x720 



m o Case 1 CcU j)iimiti\e cross 

strmtiQii along one edjie ’Mnllorj sp}io<spho 
tungsljc acul li'onutowlin x720 



Flo 4 — Case J Cell showjng pnmitivo cross 
stnfttion ftt the edges Isoto that the nuclei 
ha\e inosed to the periphery Part of a 
Imge multmucleiited ginnt cell is sho^vn 
below nnd its fine pericellular pellicle is 
well demonstrated Mallory s phospho 
tungstic ncid h^matovylin X. 720 



1 10 6 — Ca «!0 1 This shows a more common 
cle\elopmcnt m the giant cells Note tho 
rows of tmy rod nnd bead hi o structures 
iti tlio cj toplasm Hcidenliam’s iron hairoa 
tOi.ylin X 720 
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FlU 7. — Case 1 A tadpole oolJ Stnm 
Heicionhom’s iron ii.vmntoxylm. x 720. 


Fit.. 8 — Case 1 A mochfied spieler cell sIiowTng 
ft very comp!e\ eytoplnsmic structure. Stain 
HcidenljninN iron h.Tmntowhn. X 720. 
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w 


u— 1 Tiimcui 

^ulh hiKer, Hio ciirtmomjx cell, occupy the 
Iotco nK-coh and some of the sili-cr Im. been 
.ioposited on them, but there n no Bign of 
retienlnm formation. The mirroumims aarco- 
miitons .tromii ahoxx. nbnmhinl tetieulixm 
fonxiinR 11 nno mMhxxork Poet's reHcxiIiira 
Stain. X 70, 


no. lO—Crtso I. Giant cell stinnotl by 
Best’s cnrmmt* method for glycogen. 
KxxeleiiB 8l oincil by h-emntoxyhn ami cyto- 
plnsm coiinlcratamcti xiitlx light greon. 

Some of the globxiles Imxo failed to take 
tho eatmino and aro stnmcd green xn 
consexpienec The finecj toplasmio pellicle 
15 clearly shoxx-n. x 850. 
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Caso 2 
Clinical history 

M. H., aged 47, married, was admitted to the Queen Elizabeth Hospital, 
Birmingham, on 1.10.43 complaining of a painful swelling of the right breast. 
Tills was first noticed she months previously as n small nodule which gradually 
increased in size. At this time it was painless. Two months before admission 
she Imocked the breast severely during housework ; since then it had rapidly 
increased in size and she had had attnclcs of “ nagging " pain, frequently followed 
by a yellow discharge from the nipple. Hitherto healthy, slie had had no breast 
trouble except after the birth of her only child. She was unable to feed it becausie 
lactation was so painful and suckling alwaj's drew blood from the breast. 

She was a healthydooking woman of good colour. Her general condition 
was good and no abnormality was detected in the internal organs. 

Tlie right breast was greatly and regularly enlarged end the skin over it was 
shiny and tense, while the superficial veins were engorged. The nipple was 
normal. Palpation revealed a very tense apparently cystic swelling occupying 
most of the breast. The consistency was denser at the base of the lower 
quadrants but no isolated hard mass could be felt. The swelling was slightly 
mobile but the mobility appoaretl to be restricted by the tenseness. Bloods 
stained fluid could be expressed from the nipple. Tmnsillumination gave an 
indefinite result. No glands could be palpated and the loft breast was normal. 

Local mastectomy was performed by Professor Gemmill on 4.10.43. The 
growth was removed with the deep fascia and part of the pectoralis majors 
There did not appear to be any infiltration of the fascia but the growth seemed 
to be attached to the skin at one point. Tlie main cyst burst at operation i 
it contained abundant dork bro\vn fluid. 

The patient mode a satisfactorj* recovery and was discliarged on 23.10.434 
Slie returned to the clinic later for a course of <leep X*ray therapy. 

She retumed once again on ^.S.44 complaining of a lump in tlio operation 
scar of three weeks’ duration. Examuiation showed a red lump, 4 cm. in long 
diameter, in the lower end of tlio scar. On palpation the moas was found to be 
much larger than was at first evident and it was firmly attached to the underlying 
tissues. Xladi\m\ needles were inserted* into the growth end it was found to 
bo cystic and contained sanious fluid. 

The patient continued to attend for treatment but X*ray examination in 
April 1044 showed that secondary masses were developing in both lungs, and 
in May another secondary mass appeared involving the lower dorsal spine* 
The patient died on 10.0.44, and unfortunately permission for a post-mortem 
examination could not bo obtained. 

Gross morbid anatomy 

The breast was not quite so large as the previous specimen, but 
the gross features were similar. A central slice showed a white solid 
lobulated mass of growth just below the nipple. This extended down 
for IJ in. and was then replaced by a large liEemorrhagic cyst which 
liad been ruptured at operation. The solid part was white and fleshy 
ns in the previous caso and throughout it there were cysts of various 
sizes— some hasmorrhagic, some colloid. The growth extended down 
to the deep fascia and at one point there was an apparent break' ' 
through. Generally, however, the tumour was clearly demarcated 
and apparently encapsulated. At one point the skin was invaded and 
one of the hsemorrlingio cysts lay just below tho surface. 
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Microscopical characters 

These were similar to those of the previous case. The tumour 
appeared to consist of two types of growth, one a carcinoma originating 
in the main ducts and spreading down into the breast .tissue, the 
other a giant-cell sarcoma. 

The carcinoma had the same weU defined alveolar structure 'as 
in case 1 (fig. 11). The cells were polygonal and well differentiated 
and mitotic figures were not numerous. These characters were main- 
tained throughout the growth except at one point lateral to and 
below the nipple, where it had become scin-hous ,(fig. 11) and consisted 
of strands of small irregular cells. They were obviously carcinoma 
cells and the surrounding stroma had the hyaline structure usually 
associated with such growths. There was no resemblance between 
these cells and those of the sarcomatous part of the tumour. Tins 
showed the same striking variation in ceU type, but again certain 
main forms could be recognised in all parts. These were giant cells— 
strap-shaped (fig. 12) and polygonal, and smaller cells — spindles and 
polygons. Longitudinal striation was again a marked feature (fig. 12). 
Cross striation was mainly represented by slight transverse barring 
at the cell margins (fig. 13) and rows of centrioles. Manj* of tlie 
smaller spindle cells showed the crinkled extremities so commonlr 
seen in histological preparations of muscle. The larger cells were 
markedl}’- vacuolated (fig. 14) and suitable staining metbods 
demonstrated that most of the vacuoles contained glycogen. 
Nuclear structure was as varied as cell form. A few cells showed 
a nuclear shape not seen in the previous case. This was a “ spider 
form with long pseudopodial processes. The nuclei in the resting 
phase were vesicular, "with a single large karyosome, but most of t le 
cells appeared to be in an active state. _ , 

Vascularity was not marked but there were many large tliin-wa e 
capillaries in the sarcomatous part of the growth and with the;e m 
tumour cells were in intimate contact. As in the previous case 
two types of growth were intermingled and except at certain pomj 
they were only distinguishable microscopically. As before, the a er 
lobules and the tissue around the cysts consisted of sarcoma o 
growth. Ordinary stroma was absent from the sarcomatous por i 
but silver impregnation revealed well marked reticulum formation. 


CojnviENTABy j 

Gross (1887), in a review of breast sarcomata, stated {] 931 ) 

3-9 per cent, of all breast tumours. According to Cheatle on 
sarcomata tend to remain circmnscribed and freely mobile up j.p di.qn 

but they show a tendency to local recurrence and Gross 
50 per cent, of recurrences within six months of operation. are ^,(,[1. 

the breast have been classified into seven groups : spind e ce ’ 
mixed cell, giant cell, myxosarcoma, chondrosarcoma and nnd 

was of the opinion that giant cell forms were the least ma gn 
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'lo. 11. — Ca?© 2. This shows a portion oftho 
carcinoma just deep and lateral to the 
mpplo. It has invaded tlio stroma aa a 
scirrhous gron-th. The stroma has tho usual 
hyaluie characters. H, and E. x 25. 




Fig. 12. — Cnso 2. Half of a huge strap-shaped 
cell, 300 ji long, showing longitudinal strintion. 
Heidenham’s iron hrcnantoxylm. x 720. 



projections wJiich seem to extend beyond 
the ci'lI boiuulnrics. H.nnnntoxylin and Best’s 
rannino. x 720. 
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diiraliou of lifo was longest in theso cases. Biedel (1881), for instance, reported 
a remarkable case of giant cell sarcoma which recurred six times in twenty 
tears and even at death there were no metastases. Geist and Wilensky (1915), 
on the other hand, stated that giant cell sarcomata are tiunours of rapid growth, 
the cells showing evidence of rapid proliferation. Their survey only included 
two cases of this type, evidently different from those reported by Gross, and 
one must conclude that they were histogonetically different. Neither Gross nor 
Geist and Wilensky were able to determine the origin of the sarcoma cells. 

In the two cases described above it must remain in doubt whether 
the sarcoma or the carcinoma was the cause of the metastases wliich 
weie undoubtedly present. There was, however, no evidence of 
lymphatic permeation and the subsequent history is one of early 
local recurrence with later metastasis to lungs and bones via the 
blood stream. These facts would suggest that it was the sarcoma 
which had disseminated, and indeed it would seem unlikely that a 
well differentiated carcinoma with relatively few mitoses would 
produce blood-home metastases in such a short time. If these later 
developments were due to the sarcomatous portion of the growth then 
this constituent must have been very malignant and the case falls 
into line with those reported by Geist and Wilensky, 

As to the origin of the sarcoma cells, it seems reasonably certain 
that they were derived from muscle. Many of their characters are 
similar to those described by Cappell and Montgomery (1937). The 
following points have been noted, all of which agree with the state- 
ments of these authors regarding myosarcoma. 

(а) The majority of the cells were long spindles or small polygons 
with clear vesicular nuclei and a single karyosome. 

(б) Numerous giant cells, frequently multinucleated, were present. 
These were commonly strap-shaped, but some were bulbous, fan- 
shaped, tadpole-shaped or of modified spider form. 

(c) The cytoplasm was acidophilic ; with Masson’s technique it 
stained red, with van Gieson’s method brown. Around the cytoplasm 
there was a delicate sheath. 

(d) Longitudinal striation was well defined in the large cells, but 
cross striation was only seen at their peripheries and more commonly 
it was represented by rows of centrioles. Very fine striation of both 
types was common in the smaller spindle cells. 

(e) The giant cells showed marked vacuolation and most of the 
vacuoles contained glycogen. 

if) The giant cell nuclei wore frequently irregular and showed 
mitotic activity. In the more difierentiated cells the nuclei tended 
to move to the cell margins, 

(g) In general the growths were not vascular and little stroma 
could be demonstrated by ordinary methods, but silver impregnation 
revealed an abundant reticulum which closely invested the individual 
colls of the sarcomatous portions. 
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Summary 

Two cases of mixed malignanc3’^ m the' breast are described. Tlie 
carcinomatous portion of these growths had an alveolar structure 
and appeared to be relatively slowly growing. It was close!}" iiirestcd,' 
by a sarcomatous stroma the structure and staining properties of 
Avhich suggest that it was derived from striped muscle. 

I wisli to thank Professor W. Geimnill, Professor of Surgery, Birmingham 
University, and Mr J. Sankey, Honorary Surgeon to Birmingham United 
Hospitals, for permission to publish these cases. 
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iVIALIGNAISlT TUBULAR ADENOIVIA IN A HORSE- 
SHOE KIDNEY : ITS SIGNIFICANCE WITH 
REGARD TO GENERAL CANCER PATHOLOGY 

Peter LAOEwao and Sati Eser 
From the Cancer Institute of the Univeisiti/ of Istanbul 

(Plate LIV) 

It seems as if Cohnlieim’s theory of the origin of cancer has suffered 
something like a setback as the result of modem research work, which 
has been able to demonstrate the predominant part idayed by 
“ irritation ” in the widest sense of the term as a factor in the origin 
of autonomic growth, independently of the embryogenesLs of the 
tissues concerned. This does not mean that the theory of “ dis- 
placed embryonic tissues ” (“ versprengte Koime ”) either has been 
or can be discarded : it is, for the moment at least, simply out of 
focus. Tills becomes the more understandable, since, even in instances 
where dysontogenetic disturbances are still regarded as underlying 
the development of certain tumours (c.g. mixed tumours of the 
salivary glands and some renal blastemas in youth), it has practical!}’’ 
to tvace VatAv Vatar indi'viduaViy 

to the anticipated embryonic tissue malformation.* On the other 
hand, in regions where congenital tissue irregularities are more or 
less frequent, the incidence of malignant tumours docs not seem to 
be unusually high, e,g. in the oesophagus, ^vith its islands of gastric 
mucosa, and the skin of the neck with its rests of embryonic branchial 
clefts, etc.f 

It is this inconcluaiveness in our present know ledge of the relation- 
ship between embryonic tissue disturbances and the genesis of cancer 
which demands further investigation and discussion. A case of 
malignant tubular adenoma in a liorseshoo Iddney wdiicli we had 
the opportunity of examining may be a favourable object for a study 
on the lines indicated. A congenital malformation is the expression 
of profound disturbances in the intimate structure and development 
of the organ or tissue involved. It remains to be considered whether 
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other pathological changes found siniultaneouslj' ma.j not be tlic 
result of a similar and co-ordinated alteration ; j'.e., as regards our case, 
whether the dysontogenetic process wlrich led to the formation of the 
horseshoe kidney may not also, directly or indirectly, be held 
responsible for the formation of the tubular adenoma. Could this 
be shown, it would be proof that the mahgnant degeneration in the 
adenoma had arisen on the basis of “ displaced embryonic tissue ”. 


Case bepout 

We received the material (no. 893 /40) as a post-mortem specimen fixed 
in formalin from the District Hospital, Diyarbakir (Eastern Anatolia, Turkej) 
The only clinical details available were that the patient was a man of 50 who 
had never suffered from hrematuria. We have no information as to the po-t 
mortem findings. 


Macioscopic exammaUon 

The specimen (fig. 1) consists of a horseshoe kidney with its halves jomed 
caudally by a vdde parenchymatous bridge, sbowing a deep medfeix 
sulcus. The right half of the organ (to the left) the larger and contain! 
in its centre a tumour nearly 7 cm. in diameter. 



Fio. 1. — ^Topographic relations between tumour and horse 
(for detailed description see text). 

The pelves, which are separate, cover part of blood 

the number and distribution of the ureters as well as o (jie spccim^J’' 

no statement can he made, as they had been l ppjJ sulcus, media".' 

The elements of the left hilum lie within a crescen 
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concave and bounded laterally b> a v>\do rampart of parenchyma, medially by 
a protnidmg lobe of parenchyma , seven calyces, distmct and separate from 
each other, can be followed up to their reepective papilla) The hilar region 
of the right half of the organ forms a big salient on top of a nearly spherical 
tumour From the renal pelvis Ij mg on its surface, five elongated calyces radiate 
like the spokes of a wheel and enter the organ through a slit between the 
tumour and the kidney tissue Everywhere, the tumour is separated from the 
pelvis by a thm layer of loose connective tissue There is no peculiarity to 
report about the macroscopic aspect of sections through the tumourle'ss half 
of the kidney , except that it seems to bo very anxmic and the cortex shows 
a sbghtly transparent yelIowL«h tint Various sections through the right half 
reveal the entire tumour, Ijnng completely embedded m the kidney parenehjTiin, 
but separated from it by what appears to be imdaroaged capsule tissue Liftmg 
up the pelvis on the ventral side, it extends mto the dorsal cortical zone and 
under the kidney capsule viith expansive compression of all adjacent tissues 
In the frontal sections the position of the extended calyces can bo clearly 
followed aroimd the periphery of the tumour to the pomts where they enclose 
the compressed papill'e Nouliero are there signs of destructive invasion of 
the kidney , onlv some degree of atrophy from compression 

Tlie tumour itself consists of rather soft, greyish wlnte or slightly creamy 
liomogeneoua tissue, which ls divided into areas of irregular size and shape by 
more or less conspicuous fibrous septa There seem to be relatively few blood 
vessels m the stroma but some areas of hannorrhagic infiltration os well as dry 
necroses are to be found 


Microscopic examination 

In addition to vonous portions of the tumourless half of the kidney, eight 
blocks from the tumour itself and its neighbourmg tissues were exnmmed after 
paraffin embeddmg and routine stainmg 

rhe kidney tissue of both halves shows all the charocteristic signs of 
advanced amyloidosis — all amyloid staining reactions bomg positive — ^witli 
the usual nephrotic alterations In some places tubular degeneration is rather 
accentuated, and here, besides hvaline costs, calcareous deposits are to be 
found inside the excretory ducts 

The tumour consists of a system of opithelml tubular ducts which here 
and there assume a rather solid aspect partly surroimded by large areas of 
o.dematous connective tissue, loosely woven and poor m cells, partly by a few 
threads of collagen There are many capillary blood vessels but only a few are 
of larger calibre 

Within the scheme of the general structure thus outlmed, the details of the 
tumour present marked variation, particularly with regard to the epithelial 
element Generally this takes the form of narrow, uniformly shaped tubes, 
more or less round on cross section and evenly distnbuted all over the area 
(fig 2) Tliey are lined by a single layer of mostly cubical or low colunmar 
cells the nuclei of which arc round, vesicular and of regular size It is, 
however, noteworthy that even m those ‘ qmet ” regions an occasional cell 
contains an unusually big, irregularly shaped, hyperchromatio nucleus, or even 
sev oral nuclei Rarely there are small groups of cells, all of winch present 
this peculiar picture Within the lumen of some of the tubules numbers of 
shed nucleus contairmig cells are to be seen, a feature gradually becoramg more 
obvious as the general aspect approaches greater variability of form and 
structure In those places m fact the epithelial formations get closer to each 
other and even mtercommumcatc Here and there small cystic cavities are 
formed contnmmg homogeneous or cloudy masses In some, the epithelial 
lining puohes out fine papillary processes mto the lumen The connective tissue 
becomes less conspicuous as a structural component A change m the character of 
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the tumour becomes apparent when in some places the wliole picture is dominated 
by voluminous, solidly built cell nests separated from each other by a few 
fibrillary tlireads or primitive capillaries. As already mentioned, it is sometimfs 
hard to decide whether this epithelial structm-e represents solid j^rolifcratioas 
formed “ ab origine ” or whether it is derived from neoplastic tubules converted 
into solid strands by intense proliferation of tho‘ epithelial lining, rvith or 
wthout desquamation. The latter interpretation is supported to some extent 
by the fact that here and there epithelial cells on the perimeter of the nests 
are disposed in imbroken pallisade formation, whereas the colls towards the 
centre show a completely random distribution. There can, however, be no 
doubt that certain formations constitute really solid tumour components. 
For the most part these sites present a cell picture as quiet as most of the 
tubular tissue. Here and there, however, quite unexpectedly, islets with 
pronomiced anaplastic features are seen (figs. 3 ahd 4). Tliis means that within 
certain lobule-like areas the cells become pleomorphic and contain nuclei of 
different sizes and staining qualities, occasionally forming most picturesque 
multinuclear giant cells, while mitoses are rather frequent. 

Intracellular lipid is everywhere sparse and dustlilce in appearance. As the 
material had been sent fixed in formalin, the negative result of Best’s glycogtm 
stain is without significance. There are rather important deposits of calcareous 
material, either as an amorphous precipitate or as concentrically layered 
micro-concretions, particularly near the pelvic border of the tumour. 

Howhere is there definite penetration through or infiltration of the fibrous 
capsule of the growth, although the borderline between the neoplasm and the 
medullary parts of the Mdnej’’ next to the pelvis is sometimes indistinct. Parf* 
of the tumour show extensive hoemorrhage and necrosis. 


Disctjssiok 

Histologicalljr, the tumour described is to he regarded as a tubuhr 
adenoma with certain parts bearing strong indications of malignant 
degeneration. Malignancy is supported by (1) the dispropoitim 
between the epithelial and stroma components as a result of one-si 
over-development of the epithelial element in the areas concerns • 
followed by extensive loss of differentiation ; (2) the pronoiffl ^ 
anaplastic changes in the tumour cells, with increase of the nucen^ 
protoplasm index, the nuclei showing strong pleomorphism a 
exaggerated aifinity for basic stains. - There are also many m 
nucleated cells. These latter changes must be regarded 
expression of a “ somatic mutation ” of elements within the comm 
of the “cell population” of the tumour. The mutation, 
overtlirow of inherited organisation, cannot mean anj’tung 
autonomy, in other words malignancy. On the be 

epithelial preponderance, while slightly ambiguous, mig 
looked on as a criterion of rapid but coordinated proltferation. 

Similar features are to be found in primary gj.ative 

which usually develops in the adenomas of 
cirrhotic livers. These adenomas undergo 
changes before thej'’ acquire definite malignancy, a 
been confirmed experimentally tlirough tlie three 
cancer development in rats and mice treated with o-amm 
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Via 2 — Benign part of the 
tubular adenoma The 
tubular epithehal forma 
tions show a perfectly 
quiet coll picture ^vjth 
desquamated elements 
inside their lumma tho> 
are separated from each 
other bj large strands of 
mdemntous fibrillar con 
nective ti«sue Elirlich s 
h-ematoxylin and eosm 
Xc70 


Fio 3 — "Mai gnant part 
of the tubular adenoma 
An area showing strongly 
anaplastic cell features 
besimmcdiatelj adjacent 
to a benign area with 
closely pad ed tubuhr 
formations eigcrt s 
iron li'cmatoxyhn and 
eosn xt’jO 




Fio 4 - — Details of 

the anaplastic cell 
changes including 
largo hjTierchromatic 
nuclei and clotted 
mitoses Elirlich s 
h'cmatoxjlin and 
eosm Xc''00 
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or ^-dimcthylamino-azobenmie (Edwards and White, 1941-42; 
Andervont e! a?., 1942-43). 

Apart &om destmotivo infiltration of the neighbouring tissues, 
which in this case was neither to be ascertained nor absolutely to be 
denied, n decisive criterion of malignant growth is its readiness to 
propagate. Unfortunately, we do not know in this case whether or 
not metastasis had occurred, hut a review of the literature (Fahr and 
liubarscli, 1934) shows that in nearly all cases of similar kidney tumours 
so far published metastases have been described. 

In relation to some of these problems, it is of outstanding 
importance to consider whether the formation of such tubular 
adenomas in the kidney might bo due to hyper-regeneration and in 
this way analogous to the formation of adenomas in cirrhotic hvers. 
There exist, in fact, regenerative adenomas in Indnoys which have 
been impaired by parenchymatous alteration and prolonged processes 
of repair. These appear, however, to be quite different, presenting 
as very small. canaUculised nodules in the cortex, and often in open 
communication with the tubular apparatus. They generally show 
some at least of the peculiarities of normal kidney tubular elements. 
They practically never develop malignant degeneration. Tubular 
adenomas of the type liere described, however, show no relation 
whatsoever to parenchymal repair and hyper-regeneration ; in fact, 
they are generally sited amidst perfectly normal kidney tissue, with 
an apparent predilection for its medullary part. The reasons for the 
formation of these adenomas must then be sought in other more 
primitive disturbances in the Iddney tissue. 

The most widely accepted view is, indeed, to regard them as the 
result of an abnormality in foetal, doveiopment at the time when the 
ureteric bud joins up with the metancphrogenic blastema and induces 
its differentiation and growth. In this stage, certain elements of the 
tis,suos involved may fail to establish contact and become excluded 
ftora the coordination of further developmcut. They are left free to 
unfold their remaining growth potency in unusual ways. 

This theory finds support in the present ease from the peculiar 
combination of adenoma and horseshoe ludney. It is, in fact, 
generally agreed that horseshoe kidney is due to unusual growth 
impulses of the metanephrogenic tissues whereby the bilateral 
blastemas come into collision. In view of this, wo feel that we can 
aefept the dysontogenetic nature of the tubular adenoma. In this 
connection it seems to be of importance that five cases of horseshoe 
kidney containing tumours of unusual structure are reported in the 
literature (quoted by Fahr and Luharsoh). four described as sarcomas 
ami one as a peculiar carcinoma. Although it was impossible to 
obt,-.m the onginal publications we feel entitled to draw attention 
to this fact, since it indicates that the causes underlying the formation 
of horseshoe kidneys may occasionally involve even more profotmd 
disturbances in kidney tissue development. In our own case we 
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have demonstrated the existence of a “ matrix ” which fuUv corre- 
sponds with the theoretically postulated “displaced embryonic 
tissue ” of Cohnheim as the point of departure of malignant 
degeneration. 

There remains, however, one essential point to be discussed. Tbe 
tubular adenoma with its dysontogenetic origin is only a peculiar 
ground on which malignant change has taken place, in the same 
way adenoma of the cirrhotic liver predisposes to malignancy, as 
do adenoma of the prostate, certain forms of adenoma of the female 
breast and, in rare instances, adenoma of the thyroid. The cause 
of the formation of these different adenomas is the potentiality for 
prospective growth in existent embryonic tissue, or hyper-regenerafive 
power in impaired tissue or even unbalanced hormonal stimulation. 
But none of these can he regarded, hy themselves, as responsible for 
the induction of mahgnancy. This is shown by the uneven ratio 
between the frequent occurrence of adenomas and the relatively 
rare incidence of their malignant transformation. Moreover, in 
accordance with recent research on the subject, we are justified in 
assuming that spontaneous cancer development is the result of au 
incidental and pecixliar combination of various factors and influences, 
no one of which necessarily bears directly and specifically on the 
final result. This peculiar combination of factors must have created 
a zone of growth instability, within which, under the action 
fortuitous conditions, catabiotic and anabiotic processes take place 
at an unusually high rate, providing a favourable milieu for frequent 
cell mutations (c/. Fischer, 1937). Most of these will pass unobserved. 
particularly under the influence of their own “lethal factor', h'd 
one or another persist and appear in the offspring of the ce 
eventually affected as the germ of malignant growth. 


CONCLTTSIOlSFS 

A case of malignant tubulaur adenoma arising witlfin a 
Iddney is described and discussed with regard to its hearing 
general cancer pathology. It is concluded (1) that the 
adenoma ought to be regarded as a cancer matrix ^^accor 
Cohnheim’s theory of displaced embryonic tissue { 

Keim ”) ; (2) that such displaced embryonic tissues as well as 
regenerative, hormonal and other tissue disturbances mere} p. 
zones of potential growth instability ; (3) that in t 

“irritation ” — ^in tbe widest conception of the term may ^''fation; 
release the fatal event of the cancer cell’s birth as a somatic mu 
(4) that Cohnheim’s theory and the “irritation’ ° 

are not mutually exclusive, but, on the contrary, compleme 

We wish to express our gratitude to Dr Dhami Akcahoyunlu for P®" 
to publish this case. 
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associated -with the giving of the milk factor by foster-nursing to low breast 
cancer females and oestrogen-treated males of the CBA and IFS strains (table !). 


Tabm: I 


The various groups of mice in which breast tissue was examined microscopicalty 


strain 

Sex 

Kursed by 

Presence of 
irrilk factor 

Presence of ccstrogen 

Tissue exairdned 

. . 

^'o.ofIa^a 

ciatnh*d 

Supplied 
by ovary 

Supplied 
by injection 

Breast 

Breast 

cancer 

RIII 

F 

Rin 


-b 



■b 

50 

Kill 

]M 

RIU 

-i- 


_L. 

+ 

-b 

30 

White label 

F 

White label 


-f- 



4- 

X 

1.5 

Write label 

M 

Write label 




-b 

-i- 

31 

RIII 

F 

CBA 



+ 


+ 

Very few 

6 

RIII 

M 

CBA 

-- 


-f 

+ 

Very few 

35 

CBA 

F 

CBA 



+ 


4. 



15 

CBA 

M 

CBA 

— 


+ 

4- 

— 

27 

EPS 

F 

IFS 

— 

-b 


+ 

— 

15 

BPS 

M 

IFS 

— 


-b 



15 

CBA 

F 

RUI 

-f 

-b 



-b 

-b 

15 

CBA 

M 

Bin 

+ 


4- 

+ 

-b 

25 

EPS 

F 

Bin 

+ 

-b 

— 

-b 

-f 

11 

IFS 

M 

Bin 



+ 


+ 

5 


The breasts chosen for study -were the right and left fourth, the inguinsl 
gland serving as a landmark. But in remo-wng breast tumours from these 
and other sites the covering and adjacent skin -was included, so that it w 
possible in many cases to see the relation of the tumour to the rest of we 
breast tissue ; this was found to be extremely helpful in studying the aequence 
of changes. Importance was attached to the necessity for obtaining the tissofs 
before post-mortem decomposition had occurred. To this end, frequent 
tions of sick mice were made so that they could be killed as late as possiofcw 
the experiment. 


The EVOLT7TIOK OF MOUSE JIAMMAHY CAHOEK 
Intra-acinous carcinoma 

The acinus is the first and the most firequent site in wiiicii caB«t 
can he observed. The cancerous change may first occur in 
of a large group of acini (fig. 1) or in eveiy one of a small group ( ^ ^ 
The process usually affects small undilated acini ; when acini 
undergone cystic distension the epithelium becomes flat and 
the very reverse of the precancerous condition (fig. 3). jiqj 

carcinoma is due to a change in the lining cells of the acim 
to a spread of malignant cells from the terminal ducts. ^^^^5 is 
in an increase in their size and number, so that the whoe ® 
swollen and filled with cells, in a change from columnar ^ jj, 
shape and in hyperchromatism of the nuclei, many of w c 
mitosis. Very early in the proliferative process the cells n 
in circles, indicating that their polarity has not the 

Thus they become arranged in the form of small tubu es 



/ 



Plate LV 


Fi(!. 1. — CB A male, given milk factor by Ellli oestrogon-trentecl for Cl weeks. Inlni- 
acinous cancer in a small number of a large group of pi'oliferating acini. Boltom 
left, early ‘ lumination with formation of small tubules. Top left, solid intni- 
acinous carcinoma and formation of cyst filled with albuminous fluid. Connective 
tissue scanty. x76. > ^ _ ■ 

Fig. 2. — RIIl female breeder, aged 22 mouths. Intra-acinous carcinoma in all tlic 
acini of a group, showing earlj' lumination and cyst formation. The figure s!)oi'> 
ajjproximately two-thirds of the whole group. Connective tissue average in 
amount, x 120. 

Fig. 3. — RIII spayed female, oestrogen-treated for 64 weeks. Part of a group of 
proliferated acini, showing cystic distension and flat inactive opitiiclium, Mid' 
interv'cning connective and adipose tissue. X ISO. 

Fig. 4. — Rill male, ccstrogon-troatod for 42 weok-s. Hypoqilastic secreting nrini 
budding outwards from a duct in a breast where acini were .scmify h>if daft 
epithelium was frequently liyperplnstic. x2o0. 
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0 . 5. — “ label ” male, astrogen* 

treated for 64 m ceLs, Small tubular 
adenocarcinoma composed of mas-'CS of 
mtTa-ncmowJ carcinoma atill retaining the 
normal ncmar boundaries, lying adjacent to 
a large similar tumour. xC5. 


Fio. 6. — High.pou'or view of top left acinus m 
fig. 5, ‘ihowmg large cells with nuclei varying 
m size nnd early tubulo formation. Lactation 
m the central cclU. x 210. 






Fio. 7. — “ White label ” male, oe^trogen-trenteil 
for 47 weeks. Similar tumour to that seen 
in fig. with (top right) comincncmg ruptiiro 
of acinar boundaries nnd break-through into 
the connective tissue. x210. 


Flo. 8.—“ Wliito label ” male, Ofstrogon- 
trentocl for 06 weeks. Part of a localised 
area of malignant acinous proliferation 
forming a tumour 2 mm. in diameter, 
y 170. 
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acinus (fig. 1), an arrangement wlncli persists and becomes a notable 
feature of the folly formed tumours. Tliis is not, however, the only 
mode of origin of such tubules. They appear to arise as well by 
outward budding, either from hjrperplastic (fig. 4) or from actually 
cancerous acini. 

The estent of the cancerous process varies from microscopic cancer 
in one breast to palpable tumours in as many as .seven out of the 
ten breasts. Although in favourable sections the start may be 
demonstrated in one or two acini, the disease has usually a regiomd 
distribution ; it is not unusual for one focus in a region to grow more 
rapidly than and at the expense of the others. Occasionally the wboio 
of the breast tissue appears to be affected. 

The amount of connective tissue investing the aeini is very 
variable (figs. 1-3), but that seen in fig. 2 is average. Intra-acinous 
carcinoma arises more commonly in acini invested rrith a minimum 
of connective tissue than in those surrounded by a thick hyaline layer, 
but it has been observed in the latter condition. When the acinus 
swells, due to the occurrence of intra-acinous carcinoma, the connective 
tissue may stretch and continue to invest a lobule of the growing 
tumour until it has reached a considerable size (figs. 6 and C). Thus 
the final tumour may be seen to be composed of a number of lobules 
each originally developed from a single acinus (fig. 6), but confluence 
of the epithelial collections witlun the acini may also occur and, 
together with new adjacent areas of intra-acinous carcinoma, muy 
form the tumour. Owing to the power of stretching of the acinar 
wall, break through of the carcinoma cells into the surrounding 
connective tissue may not occur until a late stage in the disease (fig. 7). 

In addition to the small tubular adenocarcinomas formed as 
described above, there is the papillary cystic type of tumour and 
the tumour consisting of a mixture of types. The cystic process may 
start quite early and affect a single acinus or a email group of acini 
(fig. I), the cysts containing albuminous fluid or blood. At this stage 
the cancerous process may he seen to affect part or all of the wall 
of the acinus, the final complicated pattern being merely due to a 
combination of intra-acinous cancer and cyst formation. 

Malignant acinous proliferation. Not in&equently groups of acini 
are seen of wbicli the epithelium, though perfectly orderly in 
arrangement, is in a state of great activity. Large columnar or 
cubical cells with hyperohromatic nuclei, frequently in mitosis, line 
a slightly dilated lumen ; the acini are closely packed and there is 
a minimum of intervening connective tissue (fig. 8). These appearances 
are in themselves highly suggestive of malignant change and similar 
groups of acini can sometimes be seen adjacent to or incorporated 
in a mammary cancer (fig. 9). It has not been possible to find a 
tumour formed entirely in this way, areas derived from intra-acinous 
carcinoma always being seen as well. But it is significant that this 
type of acinar proliferation is confined to those mice which bav-e 
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received the milk factor (see p. 417) and are therefore liable to develop 
mammary cancer. No evidence has-been obtained as to whether this 
type of proliferation can undergo regression. .Tliis process is quite 
different from that seen in fig. 10, where cystic acini of all sizes are 
closely packed, are quite simple in type and form a cystic adenoma. 


Iniradncl carcinoma 


Tins has been observed but rarely in comparison with the frequency 
of intra-acinous carcinoma. Small simple papillary epithelial pro- 
jections into the duct lumen have frequently been seen (Burrows, 
1935-36 ; Bonser, 1936), but I have found no evidence that these 
are in any way connected wdth the subsequent development of cancer. 
Papillary infoldings of epithelium (fig. 11) are also not uncommon 
but the.se seem to be due rather to tortuosity of the duct wall than fo 
a process of new growth. Intraduct squamous metaplasia occurs on 
rare occasions in both females and oestrogen-treated males. Tiiis 
change may affect adjacent acini also. Although it has not been 
possible to trace the sequence of events with certainty, it seems not 
unlikely that it is antecedent to the formation of those frilly developed 
cancers, some areas of which show' squamous metaplasia.' 

True intraduct papillomata such as are common in the human 
subject, consisting of a cormective tissue core and covering epithelium, 
have not been seen, but in fig. 12 a papilloma-like mass of epithelium 
is seen detached from the wall of the duct. Already there is lumen 
formation and irregularity of- nuclear size and staining reaction. 
These formations were multiple and some had undergone frank!) 
malignant change. In addition, in neighbouring duets, were areas 
of luminated intraduct cancer and squamous cancer. Tliere uas 
intra-acinous carcinoma in the adjacent acuii (fig. 13). 

Intraduct carcinoma, arising apart from papillomata, has a -® 


ffected. 


been seen in areas where the surrounding or adjacent acim are atie 
It cannot always be decided w'ith certainty whether a partic““^ 
structure is a duct or an acinus, as acini the seat of carcinoma o eu 
undergo early cystic distension. Por example, in fig- 1 
structure on the left might be either duct or acinus, but was t 
to be the latter because ducts take some time to attain tins size a 
usually contain inspissated secretion, whereas the secretion 
very recent. Anatomically, also, it seemed to be one of a group o ** 


Effect of the milk factob 

When, cancer-resistant CBA mice were foster-nursed 
females, a high incidence of breast cancer was observed m c 
and in oestrogen-treated males (Bonser, 1944). B) ^ 

breast tissue of 27 normal and 25 foster-nursed oestrogen-trea 
the specific effect of the addition of the milk factor cou 
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The differences between the two groups were as follows. (!) Simple 
acinous proliferation or liyperplasia was of greater degiee and intensit}" 
in the foster-nursed mice. (2) Intra-acinous carcinoma was seen in 
19, i.e. in all but one of the foster-nursed mice which developed 
palpable cancer. It was not seen in the remaining G mice which did 
not develop palpable cancer nor in any of the normal mice. Malignant 
acinous proliferation (as described on p. 416) was seen in 7 mice of the 
foster-nursed group but in none of the normal mice. (3) Infiltrating 
or extra-acinous cancer occurred only in the foster-nursed mice 
(table II). 

Table II 

Comparison of breast changes in normal and foster-nursed cesUogen-trcatcd 
male mice 


strain 

Xursedby 

Fresence of 
milk factor 

Total BO 
of mice 

Breast 

cancer 

Intra- 

acinous 

carcinoma 

Slalisnant 

acinous 

rroUferatlon 

Degree of 
acinous 
proliferation 

CBA 

CBA 


27 

0 

0 

0 


CBA 

RIII 

-f 

25 

20 

ID 


++ 

IFS 

IFS 


15 

0 

0 

0 

4"f 

IFS 

Rm 


5 

2 

2 

0 

4--i- 

RIII 

RBI 

+ 

30 

21 

18 

4 

+ + 

RIII 

CBA 


35 

2 

2 

* 

+ 


* Theie mice m&y have received o small do«c of milk factor from their awn mothers. 


No difference could be detected in the degree of duct distension 
in the two groups. Squamous metaplasia of duct epithelium occurred 
occasionally in both. Simple papillary infolding of duct epithelium 
was more commonly observed in the foster-nursed grouj^. 

Similar, though smaller, groups of ITS males and females wore also 
examined (table II). The breast tissue of this strain differs from that 
of others tested in being peculiarly sxisceptible to the action of chemical 
carcinogens (Bonser, 1940 ; Orr, 1943). No clear-cut difference was 
obsers’^ed in tlie degree of simple acinous proliferation in 15 oestrogen- 
treated normal males compared with 6 similarlj’^ treated males 
foster-nursed by Bill. In botli groups it was very marked but did 
not attain to the degree described as malignant acinous proliferation 
(fig. 14). Neither intra- nor extra-acinous carcinoma occiured in the 
normal males, whereas 2 foster-nursed mice developed palpable 
tumours, in relation to which were areas of intra-acinous carcinoma 
(table H). Five out of 7 foster-nursed females developed mammary 
cancer and, in each of 3 examined liistologically, areas of intra- 
acinous carcinoma were seen adjacent to the fully developed tumours. 
In 2, squamous metaplasia of duct epithelium was seen and in one, 
malignant acinous proliferation. 

The converse of the above condition, i.e. the effect of withdrawal 
of milk factor from Bill mice by means of foster-nursing by CBA 
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mice, Avas also investigated. Groups of 30 normal and 35 foster-nuiscd 
oestrogen-treated RIII males were available (table II). It Avas not 
expected that the results would be so clear-cut, as frequentlv the 
new-born young are not remoAmd from their motliers until sonie 
hours have elapsed, thus allowing them to receive small quantities 
of the jnillr factor. Simple acinous proliferation was of greater degree 
and intensity m the normal group, Avhich received tlie milk factor, 
but the difference was less marked than in CBA mice. Malignant 
acinous proliferation Avas seen in 4 normal and 2 foster-nursed mice, 
the latter being the only ones in the group to develop infiltrating 
mammary cancer. Intra-acinous carcinoma Avas observed in 18 of 
the 21 normal RIII mice which developed palpable breast cancer 
and in 2 foster-nursed mice, one of which had a breast cancer. Ko 
differences were observed in the degree of duct distension or papiOarv 
infolding in the two groups, although individual variations iverc 
very great in both groups. Squamous metaplasia was not seen in 
this strain. 

These observations Avarrant the conclusion that the effect of the 
milk factor is mainly upon the acini. The most usual sequence of 
events in the full development of mouse mammary cancer is (a) 
acinous hyperplasia, (6) intra-acinous carcinoma (accompanied 
in some cases by intraduct carcinoma) and (c) extra-acinons or 
infiltrating carcinoma. In two strains, RIII and CBA, the fullest 
degree of acinous hyperplasia Avas only seen when the milk factor 
Avas present ; in IFS mice, acinous hj’perplasia attained a very lugh 
degree even in the absence of the miUr factor. Malignant acinous 
proliferation, though not of frequent occurrence, was seen (mth the 
tAVO exceptions described above) only in mice which had receiA’cd the 
milk factor. Acinous hyperplasia seems to be a necessary preliminary 
condition for the initiation of cancer, as AA^as also shoAATi by Loch an 
Suntzeff (19416) in a very large series of mice. In general thehig er 
degrees of hyperplasia lead more frequently to cancer, but this is no 
alwa 5 ^s the case. In fig. 10, for example, the formation of neu aenu 
is extreme and yet there is no suggestion that the}’’ are 
cancerous ; in fig. 2, the converse is the case. In normal IFS 
there is well marked acinous hyperplasia but in the absence o mi 
factor no cancerous change occurs. _ .. ^ 

The transition from hyperplasia to intra-acinous carcinoma n 
gradual one. It is not possible to decide the moment of j 
or whether a particular group of cells is actually malignant or ^ 
Once intra-acinous carcinoma is established, it is -(lun 

estimate how long the malignant cells Avill remain con ne ^ 
the boundary of the acinus. 
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C05tPABIS0N OF THE STBUCTTHIAI, CSAKOES IX 
HOMASr AK» MOOSE BREASTS 

Muir (1941) has described the site of origin of cancer in the human 
breast as being cither (o) rvithin the ducts (whether as a sequel to 
papilloma or apart from this condition) or (6) within the acini, the 
former site being the more frequent. “ Intra-acinous carcinoma is 
often merely the result of the spread of cancer cells from terminal 
ducts in which the malignant process has started In the mouse 
the usual site of origin is within the acini, especially within those 
groups which are actively proliferating. Intraduct cancer occurs in- 
frequently in the mouse, is usually limited to a localised area of one 
duct and is coincident with intra-acinous carcinoma in the surround- 
ing groups of acini. No clear evidence of spread from duet to acinus 
or vice versa has been seen. True intraduct papillomata do not appear 
to occur in the mouse. 

How fundamental is this difference in the site of origin in mouse 
and man 1 Intra-acinous carcinoma docs occur in the human subject, 
but as the primary site of origin it is much less common than intraduct 
carcinoma. Dawson (1933) prefers to call the structures comprising 
the human resting lobule ductules rather than acini, a term reserved 
for the milk-secreting structures of lactation. Thus, in her view, 
the origin of all human breast cancer is in the duct system, a view 
not supported by most workers. In the mouse, there is no well 
defined lobule and the stnictures here referred to as acini are the 
structures which secrete the milk. In favourable chcumstances an 
almost universal transformation of lactating to cancerous acini may 
bo seen (fig. 15). As it seems clear that in the mouse the milk factor 
acts upon the acini, the question is raised as to whether a milk foctor 
exists in the human subject and, if it does, whether it is of a different 
kind, acting upon the ducts. 

In other respects there is close resemblance between the evolution 
of cancer in the two species. The proportion of cases in which it can 
be observed is greater in the mouse than in the human subject, because 
m the former (1) the tumours remain circumscribed until a late stage 
in the disease, (2) there may be several tumours in one mouse at 
various stages of 'development and (3) affected and non-affected 
breasts in the same mouse can be examined. In both species the 
origin is frequently multicentric. In the mouse this applies to different 
areas m the same breast and to different breasts in the same mouse. 
In both, the process is often a gradual one and may be seen at different 
stages in the same breast or in different breasts in the same animal. 
As described by Muir, the mabgnant process represents a gradually 
accelerating hyperplastic growth attended by de-differentiation ; 
it is not possible to state definitely at what stage cells acquire the 
malignant character but undoubtedly before the break-through into 
the tissue spaces. 
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Nevertheless in the mouse, even when the growth process seems 
under the microscope, to he leading to cancer, unless the milk "factor 
has been received a limit is set at the stage of hj'perplasia. In other 
words, when breast tissue is examined from mice of the same strain 
recemng the same dose of oestrogen, some mth milk factor and 
some without, no prophecy as to the possibility of the subsequent 
development of cancer can be made unless the presence or absence of 
the milk factor is known. Thus the oestrogen would appear to act 
as a developing factor upon a breast already sensitised by the milk- 
factor, as described by Mottram (1944) in the case of skin cancer. 
Tliis idea receives some support from the fact that Oit was able to 
replace the miUc factor with methylcholanthrene and it would 
harmonise with the observed fact of a continuous growth process, 
diffuse but not general throughout the gland, the growth prolifera- 
tion gradually increasing in intensity tmtil the stage of malignancy 
is reached. 

In Cheatle’s view (Cheatle and Cutler, 1931) the first stage in the 
cancerous process in the human subject is desquamation of the 
epithelium lining the small terminal ducts and less frequently the 
acini. .He regards the desquamation as the essential cause of cyst 
formation, the cysts being large in the acini and small in the terminal 
ducts. Replacement of the desquamated cells demands growth of 
those remaining, which in turn leads to intraduct neoplasia, and 
this may be either benign and localised (forming papillomas) or 
malignant (intraduct carcinoma). Thus cystic disease of the human 
breast is a new growth or cystoma. In the mouse tliere are three 
lands of cysts : — (1) dilated ducts, which may attain a large she ; 
(2) dilated acini, wliich are usually smaller ; and (3) cysts wlu’cli 
result from intra-acirtous carcinoma (fig. 1). Desquamation is an 
uncommon occuiTence but may be seen occasionally in dilated duck 
and associated with invasion by polynnorphonuclear leucocytes, n 
fig. 16 desquamation is associated with papillary formations. 

Lactation can be demonstrated in mouse carcinoma, as in 
It was seen by Dawson (1935a) in a human adenoma and again (1 
in a canine papilloma. Carcinoma can be seen to arise in lacta mg 
acini (fig. 15), the aberrant and anaplastic cancer cells still forming 
lining to the acini. This particular change occurred in a breas 
seat of a well developed cancer in a mouse in which there were 
tumours in two other breasts. All the carcinomata contained ac a ^ „ 
areas. I have not been able to find any description of '^[,5 

human breast cancer. Lactation can not infrequently be seen i 
proliferating groups of acini occurring in cestrogen-treated ma e 

Other conditions common in the human subject 
searched for but not found in the mouse. (1) Fibroadenoim^^ 
mouse, cystic adenomas are not uncommon (fig. 10) ^ 

surrounded and interwoven with fairly dense connectne 
the characteristic whorhng of fibrous tissue and the s larp 
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of the human intracanalicular fibroadenoma do not occur. (2) Paget s 
disease of the nipple. From time to time the convergence of main 
ducts to the nipple is seen in female mice, but in tbe absence of serial 
sections the nipple itself rarely appears. In the male mouse there is 
no nipple (Oit). Thus the chances of observing intra-epithelial 
spread of cancer in the nipple and surrounding shin are not very 
great. But no such spread has been seen in large ducts nor acini and 
thus it would seem probable that it is of infrequent occurrence. The 
mode of dissemination of cancer in the mouse is different from that 
in man, as metastasis takes place via the blood stream rather than 
via the lymphatic system. (3) Pink-cell cystoma. Nothing resembling 
tliis well recognised human structure lias been seen in the mouse. 

SmiMAKY 

1. In a study of the evolution of mammary cancer in the mouse, 
intra-aoinous carcinoma was the first and most frequent form of 
cancer to be observed and was accompanied in a small number of 
oases by intraduct carcinoma. Lumination is a notable feature of 
this change, resulting in the formation of groups of tumour acini 
wittiin the walla of the original acinus. Malignant acinous proliferation 
also occurs (fig. 8), such areas being associated with intra-aoinous 
carcinoma to form a palpable tumour. 

2. A study of the effect of the addition or withdrawal of the milk 
factor has shown it to act mainly upon the acini, leading to a high 
degree of acinous proliferation and intra-aoinous and extra-acinous 
carcinoma. There is much variation in the degree of acinous 
proliferation preceding the initiation of the malignant process but 
in general the high degrees of hyperplasia lend more frequently to 
cancer. Extra-acinous or infiltrating carcinoma can be shown in 
nearly all oases to be preceded by intra-aoinous carcinoma. 

3. In mice which have received oestrogen but not the mill.- factor, 
a limit is set upon the growth process at tbe stage of hyperplasia. 
Thus the oestrogen would appear to act as a developing factor upon 
breast tissue already sensitised by the milk factor. 

4. There is a difference in the site of origin of mammary cancer 
in the mouse and in man, where intraduot cancer (either as a sequel 
to papilloma or apart from this condition) is far more common than 
primarj' intra-acinous cancer. Large or small ducts may be affected, 
but more usually the terminal ducts. This observation raises the 
question as to whether a milk factor exists in the human subject and, 
if so, whether it is of a different kind, acting upon the ducts. 

5. There are many points of similarity in the evolution of eancer 
in the two species ; in both the origin is frequently multicentrio and 
in both the process is often a gradual one, to be seen at different 
stages in the same breast or in different breasts in the same subject. 
It IS not possible to state exactly at what stage cells acquire the 

jorwf. or WTH,— >ot. tTn • o 




MAMMARY CAMCBR OF MOUSE 


421 


of the human iiitracaiialicular fibroadenoma do not occur. (2) PageVs 
disease of the nipple. !From time to time tlic convergence of main 
ducts to the nipple is seen in female mice, but in the absence of serial 
sections the nipple Itself rarely appears. In the male mouse there is 
no nipple (Orr). Thus the chances of observing intra-opithelial 
spread of cancer in the nipple and surrounding sldn are not very 
great. But no such spread has been seen in large ducts nor acini and 
thus it would seem probable that it is of infrequent occurrence. The 
mode of dissemination of cancer in the mouse is different from that 
in man, as metastasis takes place via the blood stream rather than 
via the lympliatic system. (3) Phil‘-ceU cystoma. Xothing resembling 
this well recognised human structure has been seen in the mouse. 


Stn-iMAiiy 

1. In a study of the evolution of mammary cancer in the mouse, 
intra-acinous carcinoma wms tho first and most frequent form of 
cancer to be observed and was accompanied in a small number of 
cases by intraduct carcinoma. Lumination is a notable feature of 
this change, resulting in the formation of groups of tumour acini 
wthin the walla of the original acinus. Malignant acinous proliferation 
also occurs (fig. 8), such areas being associated with intra-acinous 
carcinoma to form a palpable tumour. 

2. A study of the effect of the addition or withdrawal of the miht 
factor has shown it to act mainly upon tho acini, leading to a high 
degree of acinous proliferation and intra-acinous and ostra-acinous 
carcinoma. There is much variation in the degree of acinous 
proliferation preceding tho initiation of the malignant process but 
in general the high degrees of hyperplasia lead more frequently to 
cancer. Extra-acinous or infiltrating carcinoma can be shown in 
nearly all cases to be preceded by intra-acinous carcinoma. 

3. In mice which have received oestrogen but not the milk factor, 
a limit is set upon the growth process at the stage of hyperplasia. 
Thus the oostrogen would appear to act as a developing factor upon 
breast tissue already sensitised by the milk factor. 

4. There is a difference in the site of origin of mammary cancer 
m the mouse and in man, where intraduct cancer (either as a sequel 
to papilloma or apart from tins condition) is far more common than 
primary intra-acinous cancer. Large or small ducts may bo affected, 
but more usually the terminal duets. Tliis observation raises the 
question as to whether a milk factor exists in the human subject and, 
if so, w'hether it is of a different kind, acting upon the ducts. 

5. There are many points of similarity in the evolution of cancer 
m tho two species ; in both tho origin is frequently raulticcntrio and 
m both the process is often a gradual one, to be seen at different 
stages in tho same breast or in different breasts in the same subject. 
It is not possible to state exactly at what stage cells acquire tlio 

jocus. oir HTU.— vou iTii 2 r 
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1 mg. uric acid, about 2 mg. guanine. None gave a reticiilocvtc 
response. 

4. Iron. Two hundred mg. of iron and ammonium citrate in 
10 c.c. of sahne injected intravenously into a rabbit produced a 
reticulocyte peak of 5-2 per cent, on the sixth day. This is a very 
large dose and iron is not present in sucli quantities in the liver 
preparations. Twenty mg. of iron and ammonium citrate failed to 
produce any reticulocyte response in two splenectomised rabbits. 

It was considered reasonable to rule out all these impurities as tlie 
cause of the reticulocyte response to liver extracts. 


B. Fractionated liver extracts of unknown potency 

In view of these results, the following liver fractions prepared by 
Dr Neuberger were tested. 

Extract T.^ {unfiltered). In two different rabbits 5 mg. of extract 
gave reticulocyte peaks of 7-1 per cent. (fig. 1, D.l) and 8’8 percent, 
respectively. Doses of 1 mg. produced peaks of 7-0 and 6-.'i 
per cent, on two injections (fig. 1, D.2). 0-5 mg. gave a peak of 
5-0 per cent. (fig. 1, D.3). It •ndll be noted in fig. 1 that another 



Days 

Fig. 1. — ^Reticulocyte response of splenectomised rnbbit to flic injection of 
fractionated liver extract T,. 

D.l =.6-0 mg. of T 4 (unfiltcred) injected intrnmu=ouInrIy. 

D.2 = 1-0 „ 


D*3 — 0*5 ff y* 

= upper limit of spontaneous variation. 


injection of 1 mg., given two days after the first " 

produce a response, as the bone marrow was m a ^,.pon-t' 
phase. Dive mg. of fraction T, tested clinically gave a go 

in a case of pernicious anaemia. fVuIncvtc 

Extract J^U. Five mg. of this fraction gave a le ^ 
of 7-0 per cent, in a rabbit (fig. 2, E.2). The .<=ame dose stcri 
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Seitz filter gave a peak of 4*0 per cent, only (fig. 2, E.l). This was 
explained by the i*esxilts of a nitrogen analysis, when it was found 
that the filtrate contained onl}’’ 8 per cent, of the nitrogen of the 
unfiltered material. Seventeen mg. of this extract injected intra- 



Fio. 2. — Rcticulocyto rospotiso of splonectomisctl rabbit to the injection of (E) the 
fractionated liver extract F.ll and (C) a 70 per cent, alcohol-soluble, absolute 
aleohoMnsolublo fraction of the crypts of Lioberktihn. 

E.\ « 5 mg. of F.ll {filtere<l) injected intrammculaxly. 

E.2 s= 5 „ „ (unfiltered) injected intravenously. 

C.l « 3 „ of an extract of tho cryptB of Lieberkilhn injected intravenously. 

C.2 = 6 „ „ „ „ „ 

muscularly into a patient with pernicious aneemia caused a reticuloc 3 d;e 
percentage rise from 0*5 before injection to 14*0 on the 5th day after 
injection. Hb rose from 55 to 76 per cent., R.B.C. from 2,200,000 
to 3,490,000 per c.mm. witliiii eight days. 

Extract N. 11 *5 mg. injected into three rabbits gave reticidocyte 
peaks of 4*8 per cent. (fig. 3, N), 3*9 and 4*1 per cent., all of which 
fall below a maximal response. Tested clinically, 66*5 mg. of this 
extract given in three divided doses produced a rise of R.B.C. from 
-*5 to 3*3 million wthhi five weeks. None of the doses produced a 
maximal reticulocj’te response, confirming the result of the rabbit 
test and shelving that this fraction was not as potent as the preceding 
otie.B. 

TSvo hv*er fractions (ISVg and 34B) were inactive, both clinically 
and in tho splenectomised animal. Four other fractions were found 
to be inactive in tho animal test but were not tried clinically. 

C. Intestinal extracts 

As the villi and crypts of Lieberkuhn of the small intestine show 
hemopoietic activit 3 ’ when given bj’- mouth to patients with pernicious 
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kindly undertook the synthesis. A dose of 0-8 mg. injected into a 
spleneotomised rabbit gave a reticulocyte ijeak of 4-2 per cent, or 
the tenth day (fig. 3, L.l). A dose of 2-5 mg, administered by stomacli 
tube to two rabbits also gave a series of leticiilocyte penb. In flje 
first rabbit a peak (5*5 per cent) occurred on the third day (fie. 3, 
L.2) ; in the second, on the second day (4-4 per cent), Mowed k 
a peak of 4-0 per cent, on the fifth day. 



Fig. S. — Betibufocyte response of .splenectomised rabbit to the intramusoutnr injeriioi 
of 0-2 mg. of synthetic xanthopterin. 



Days 

Fiei. 6. — Reticulocyte response of splenectomised rabbit to the mtwvenou’ > 

of a fused uric acid pigment. 

U.l = 10 mg. injected (unfiJtored). 

U.2 = 10 „ (filtered). 


XaniJiopkrin. Crude xanthopterin was idndly ' 

Dr Lythgoe (Department of Chemistry, Cambridge Diuversi y 
the wings of butterflies. One mg. of this preparation injec e 
venously into a rabbit produced three reticulocyte pea 's 
4*3 and 4-9 per cent, on the 5th, 11th and 13th day rtpffcf!! 

Synthetic xanthopterin was very kindly prepared 
and Dr D. G. Mann (Department of Chemistrj', (jamhnage [jjjy 
Slight activity was shown in doses of 2 mg. injected m j 

(fig. 5, X), wliile 6 mg. injected intravenously into tvo sp c 
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rabbits produced two reticulocyte peaks in eaoli case~3-8 per cent, 
on the 4th and 8th days in one rabbit and 4-0 pec cent, and 4-1 
per cent, on the 3rd and 8th day respectively in another rabbit. 

Fused uric acid pigment. This preparation was made available 
through the Idndness of Dr F. G- Mann. A dose of 10 mg. of lii.s 
material, which still contained a number of by-products of the reaction 
in addition to the pigment, produced a reticulocyte peak of S-Oper cent, 
on the 3rd day in a splcnectomised rabbit (fig. 0, U.l). This dose 
was given intravenously and was not passed tlirough a Seitz sterilising 
filter. Subsequent intravenous injections into two rabbits of !0 mg. 
filtered through a Seitz sterilising filter gave peaks of 4-2 and 
3-8 per cent, respectively on the 3td day (fig. 0, U.2). A considerable 
amount of pigment was retained on the filter pad. A preparation 
containing less xanthopterin gave the following results :--20 mg. 
given intravenously produced peaks of 3*5 and 4*0 per cent, respectively 
on the 3rd day in two rabbits, while 30-35 rag. given intravenously 
produced peaks of 4-1 and 4-2 per cent, in two rabbits. 

Discussion 

In a previous paper it was suggested that the spleen exerts a 
regulating influence on the orytbropoictio activity of the hone 
marrow. Thus, after splenectomy, the marrow will respond to a 
hromopoietic stimulus such as the injection of a potent liver extract. 
It might ho argued that the bone marrow without the regulating 
jnfiucnco ol the spleen would be capable of responding to other known 
hsomopoietio stimuli, e.g. ascorbic acid or iron. These substances 
were tested so as to exclude any possible interference from traces 
which might be present in the liver extracts used. As described 
above, doses of 10 rag. of ascorbic acid and 20 rag. of iron and 
ammonium citrate given intravenously failed to produce any response, 
but it is possible that very large doses of substances other than the 
anti-pernioious ansemia factor may produce a reticulocyte response 
(c.jr, iron, p. 424). Impurities in liver extracts cannot be the cause of 
the reticulocyte response, as these substances are present in greater 
abundance in the less purified and less potent extracts. Also the 
con^ntration of impurities would vary eonsidetahly in the less 
purified extracts, depending on the different methods of preparation. 


Localisation of the anti-pemiciom anemia factor in the 
gastro-inlestinal tract 

The anti-pemicious amcmia substance has been found in noarlv 
aU parts of the gastro-intestinal tract. That the stomach cannot be 
the only place whore it is elaborated is clearly shown by the fart 
that only very rarely docs total gastrectomy in man causo^rnicious 
.amemm (Jones, 1040 ; Jell and Adler, 1942 ; Doeliring and Eusteman 

jom. 0^ rATa.— Tot. trn ^ ’ 

2g 
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1942 ; Fams et al., 1943), nor does total gastrectomy in animals, 
including monkeys, have this effect (Ivy, 1940). Even more extensive 
resections of the alimentary tract have failed to do so. 

The only factor common to the various regions of the alimentarv 
canal which have been shown to be therapeutically active is the 
occuixence of argentaffine cells. The layer of the mucosa which 
contains them is also the layer which exhibits therapeutic activity. 
Thus the Brunner’s glands of the duodenum are almost free from 
argentaffine cells and are therapeutically inactive. The argentaffine 
cells ai’e considerably reduced in number in cases of pernicious 
anaemia (Jacobson, 1939). In short, these cells appear to he the 
carriers of the therapeutic activity of the mucous membrane. 

Magnus (1940) points out that argentaffine cells occur in the 
metaplastic, islands of intestinal mucosa wliich can be found in the 
atrophic mucous membrane of the fundus of the stomach in cafe= 
of pernicious anaemia. This, however, does not exclude the possibility 
of the argentaffine cells playing an important part in normal erjihro- 
poiesis, since in pernicious anaemia the areas of the gastric muco=a 
which show intestinal metaplasia with argentaffine cells are small 
compared with the whole area of the gastric mucosa. Even severe 
cases of pernicious antemia still form some red blood cells. 


The chemical nature of the anti-pernicious ancemia factor 

This is still undetermined. Highly purified liver preparations have 
been investigated by Daldn et al. (1936), Laland and Klem 
Jacobson and Subbarow (1937, 1941), Mazza and Penati 
Karrer et al. (1938), Dakin and West (1939), Karrer (1941), Erdos (I. 
and Mazza (1942). The subject has been summarised by Jaco 
and Subbarow (1941). When these data are examined onlj a f’’ 
positive and common findings emerge. The following 
were absent in one or more of the four preparations of Da ' n 
of Karrer : — glycine, phenylalam'n, tyrosin, tryptophane, pr 
hydroxyprolin, ffistidin and tysin. • , ..j. 

In 1943, however, Karrer and Keller supplemented t e 
of Karrer’s (1941) liver preparation. It contained argmui, 
(absent from the 1938 fraction), lysin (absent from the 
used by Daldn et al. (1936)), and the following a-amino aci s . 
valin, alanin (no a-amino acids were found in the P^®P^^.^ n93S)) 
by Karrer et al. (1938), which was clinically tested by o 
and finally glutamic acid. The only other analysis in w 
acid is mentioned is that of Dakin et ah, where it was 
aspartic acid. With the incomplete data available j„ jjH 

is the only amino acid that has been tested for 
preparations active against pernicious auBemia. TJic su p i 
amino acids can also be excluded from the list, as a 'i 
extract was free from sulphur. There is little in orma 
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as to the presence of other constitnents Phosphorus, punnes and 
lucotimo acid 'were not found in Dakin and West’s preparation, but 
in view of the facts recorded in this and n previous paper (Jacobson, 
1939), it IS of particular interest to discuss the role ptcnns luaj p!aj 
in normal erythropoiesis 

Techescho and Wolf (1938) reported tliat the injection of 10 y xantliopterm 
caused considerable new formation of red blood corpuscles m rats made nncemic 
by feeding with goat’s milK In 1937 they reported that when such rats were 
treated by dmly intramuscular injections of 0 5 y xanthopterin the further 
progress of the ancprtua was arrested 

Simmons and Noma (1941)curodafi8h anumm bvmjectmg 30 60 y xantho 
pterm into the 011751010 fish 

Totter et nl (1944) found that xanthoptcrm •was partially effective m the 
nutritional anmmia of monkej's kept on a vitamin deficient diet One mg 
xanthopterin given daily delayed the onset of the amiuua from the third till 
the nmth month These experiments show that xanthopterm is one of the 
requirements for normal red cell formation, but this nutritional anaemia is fullj 
cured by another factor (vitamin lil) present m yeast and liver 

McKibhm et al (1942) found that a uropterin (xanthopterin) preparation 
made from 100 g of dried liver, given daily to dogs made anajraio by bleodmg 
accelerated the rate of hoemoglobm and rod cell formation The rate of 
regeneration was about half that produced bj feeding 50 g of dried h\ or daily 

These observations all suggest that pterins play a part m 
erythropoiesis 

With regard to the presence of pterins m the liver ovtraots, 
B M Jacobson and Suhharow (1937) found a complex purm (ptenn) 
and Maiza and Penati (1937 38) also found a ptonn Other authors 
do not indicate whether or not ptcnns were present, but Knrrer et al 
(1938) and Karrer (1941) state that there nere no ptcnns present m 
their liver extracts , they do not desenbe a method of testing for 
these substances Here it may ho mentioned that a negative murevide 
reaction is not sufficient to establish the absence of a pterm Wliether 
the gastro intestinal pnnoiple and the liver pnnoiple are chemically 
identical is not luioun, but in tins connection it is interesting 
to note that the argentaffins cells of the gastro intestinal tract 
contain xanthopterin (Jacobson, 1939 , Jacobson and Simpson, 
1946) 

Castle et al (1944) have shown that xanthopterin cannot be the 
extrinsic factor, as gastnc juice when incubated with xantliopterm 
does not produce a reticulocyte response m patients with pernicious 
anairaia 

The presence of ptcnns m preparations of liver and mtestme and 
the activity of xanthopterin and Icucoptenn in splcnectomised rabbits 
does not mean that pterms are identical with the anti permcious 
au'emia factor, but it strongly suggests that ptcnns are a constituent 
of the active principle 
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Stoimaky 

1. The reticulocj'te response of the splenectomised rabbit was 
used to assay the anti-pemicious anaemia activity of purified liver 
extracts. 

2. Injections of extracts of crypts and villi of the small intestine 
and of extracts of an argentaffine cell tumour (carcinoid) were similarly 
active in these animals. 

3. Clinically inactive liver extracts as well as a number of non- 
sjjecific substances failed to produce a response, 

4. Synthetic xanthopterin, leucopterin and the pigment derivwl 
from fused uric acid gave a reticulocjde response in the splenectomised 
rabbit. 

The authors’ grateful thanks are due to Dr Honor B. Fell and Sir Frederick 
Hopirins for their interest and help in this work. They are indebted to 
Dr T. Quibell, Dr F. G. Mann and Dr B. Lythgoe for the supply of pterin? 
and to Dr Heuberger for liver extracts. Their thanks are due to Professor 
A. R. Todd for his interest and to the honorarj’- physicians of Addenbrook's 
Hospital for their helpful co-operation. They also thank lilr V, C. NorGcltl 
for preparing the figures. Tlie expenses of the investigation were defra5’cd by 
the Medical Research Council and the Lady Tata Memorial trust. 
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SXIMMAEY 

1. The reticulocj'te response of the splenectomisecl rabbit wa^: 
used to assay the anti-pemicious anjemia activity of purified liver 
extracts. 

2. Injections of extracts of crypts and villi of the small intestine 
and of extracts of an argentaffine cell tumour (carcinoid) vcrc similarlv 
active in these animals. 

3. Clinically inactive liver extracts as well as a number Of non- 
specific substances failed to produce a response. 

4. Synthetic xanthopterin, leucopterin and the pigment derived 
from fused uric acid gave a reticulocyte response in the splencotoniisecl 
rabbit. 

The authors’ grateful thanks are due to Dr Honor B. Pell and Sir Frederick 
Hopkins for their interest and help in this worlt. They are indebted to 
Dr T. Quibell, Dr F. G. Mann and Dr B. Lythgoe for the supply of ptcriiw 
and to Dr Heuberger for liver extracts. Tlieir thanks are due to Profes-or 
A. R. Todd for his interest and to the lionorary physicians of Addenbrook’s 
Hospital for their helpful co-operation. Thej^ also thank Mr V. C. JforflcH 
for preparing the figures. Tire expenses of the investigation were defrayed by 
the Medical Research Council and the Lady Tata Memorial trust. 
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AREHENOBLASTOMA : REPORT OF A CASE 
TOTH -UNUSUAL FEATURES 

B JoiXES and H H Gleave 

Prom m Rotjnl Sovlh Hantt Hospital, Southampton 

(Plate LX) 

Tbstioblab, tumouia of the ovary are sufSciontlj rare to warrant 
the publication of another case 

Olintcal htatori/ 

F C , a female aged 61 , was adimttcd to hospital on 8 6 42 There was 
no relevant family history Her only (elder) brotlier was m good health and had 
had, a family of three, all normal Her own health had been good except for 
amenorrhosa and sterility. Sho had n©Ner experienced anj menopausal 
phenomena Sho married at the age of 29 and lind had a normal degree of 
hbido Heterose^ial desires only had been experienced At 18 she had 
transient iliscomfort m the left groin, diagnosed b> the famiK doctor fts 
“ vreokne^s ’* end not requiring treatment In 1032 this old complaint, which 
had onlj troubled her occasionally tn the provioa'? tljreo jenrs, caused her to 
consult a surgeon who performed on operation for left inguinal hernia A 
lump of tissue found m tho inguinal canal proxed on microscopical examination 
to be cryptorchid testis No further details nero mnilable Sliorth after hor 
recovery she complained of wealaicss m the right grom and was advised to 
wear a truss In 193S she began to ha\o pam in the right ilmo fos'sa and to 
lose Weight Sho 'volunteered the information that the most manifest loss of 
flesh was tho disappearance of fat aroimd the shoulders and m the breasts 
Sho consulted her doctor, wlio found a tumour the size of a cocoauut m the 
right iliac fosso Ho sent her with a letter, written m 3939, to the Ko-val South 
Bants Hospital, but she did not deliver it until 8th August 1942 

Clximal Jindin^s (10 8 1942) Patient was of medium height and neU built 
The secondarj feminine characteristics appeared normal The external genital 
organs wore hypoplastic Tliere was no jnrsuttes and the distribution of the hnir 
on the pubis wag feminine Tlie voice was high pitclied and tho breasts somewhat 
hard and shotty but of normal size Tliere was 0 firm smooth suellmg risuig out 
of tho pelvis, vnth a softer superimposed swotting on the left eide There was 
a bilateral inguinal hernia (direct recurrence) on the left side The vagina 'wns 
2 5 cm long and had a smooth and regular Burfacc, vnth no dimple or protuberance 
to denote nidimentarj parts of a uterus 

Loparotoxnxf (17 8 42) A retroperitoneal tumour was removed apparent^ 
intact It was of largo size and extended from the pelvis to abov © the umbihcviA 
It was mostlj solid but showed central necrosis and cystic change Absence of 
the uterus was noted 

AJUt history Tho patient made a good rocoverj and wos kept under 
observ’ntion In Aforch 1943 a hard tender mass the size of a large orange 
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was palpated in the right upper abdomen. It was not attached to tho liver 
but was deeply rooted in the posterior wall. Palliative deep X-ray tToatitirm 
caused considerable reduction in size but not its complete disappearance. The 
general condition of the patient improved and she rras symptom-free imtii 
September 1943. Subsequently a bilateral pleural effusion, an irrcgulatly 
enlarged liver and a hard mass in the left supraclavicular region were fontii 
She died on 17th April 1944. 

Post-mortem findings 

The body was emaciated ; otherwise the external appearances 
were normal for the supposed age and sex. The vagina was a blind 
sac and there was no trace of cervix or uterus. The pouch of Douglas 
and pelvis generally were lined by smooth peritoneum. There ms 
a huge mass of new growth in the pre-aortic lymph glands, extending 
to a depth of about 15 cm. On section this showed brain-like growtli 
with many areas of necrosis and hsemorrhage and numerous cysts np 
to 2-5 cm. in diameter filled with mucoid fluid. 

The liver xveighed 80 oz. It contained one large cystic growtii 
5'0 cm. diameter and about a dozen smaller ones. The right adrenal 
contained a fibrous nodule : the left appeared to have been destroyed 
by the surrounding growth. The kidneys, spleen, stomach and 
intestines were normal. The pleural cavities each contained a pmf of 
clear fluid. On the right side of the spine behind the pleura there 
were many glands full of growth up to 2*5 cm. diameter. These had 
eroded the bone and were continuous with a large tumour mas- 
behind the lower lobe of the right lung, measuring 17 cm. verticallj 
by 20 cm. horizontally, by 10 cm. antero-posteriorly. extending from 
the right dome of the diaphragm to the bifurcation of the trachw- 
Section showed new growth of a dull red colour, again contaimn^ 
necrotic tissue and cysts. There was another mass the size o 
orange in the left supraclavicular fossa. There was no ‘ ^ 
the left of the spine. The right lung showed numerou.s 
growth all over the pleural surface, confluent at the apes- 
elsewhere. The left lung was free from growth. Heart. ,>r.un n 
other organs showed nothing of significance. 


Histology 

Biopsy specimen, 17.8.42. The structure i.s that of a 
tumour of testis (figs. I and 2). Ewing (1940) pictures a ' 
similar appearance (fig. .316) wliich he describes a-'' ® 
of the ovary. It shows fairly regular tubules lined )> i.gsipiacnl 
of cells with their oval nuclei lying at right angle.' to i 
membrane and giving the characteristic palisade ap^a^a 
by previous observers. The cell outlines are in (s me - 
tubule there is an apparent lumen filled with ,sc,inty. 

secretion. No mitoses nor giant cells are seen. > 
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the tubules being olosolj’ packed but sepaiated bj a delicate weH 
defined bvement membrane No testicular interstitial cells are seen 
Po*( motion material (1) GlantJs and lung Here the tumour 
IS composed of small elongated cells uitii scanty cytoplasm and 
indistinct outline The nuclei are oral and vesicular, with no distinct 
nucleolus The cells ho looselj and irregiilarlv hkt those of a sarcoma, 
but in places they fonn short columns and imperfect tubules There 
are laige cystic spaces containing albiiramoiia fluid and lined by the 
tumoiii cells They do not appear to be the result of degeneration 
The blood vessels arc capillaries, vntli a single lajer of endothelium 
Koticiilum IS scanty and docs not form a defined pattern 

(2) Liter The secondary deposits here show in part the structure 
desenbed above but m some aieas the tumour resembles a pleomorphic 
sarcoma (fig 3) The cells are rounded or elongated and of varying 
siae, wntli distinct outlines , the nuclei are large and vesicular The 
cells aic often multmiioleated, of malignant giant cell type, and 
mitotic figures are numerous The stioma is verj scanty There 
IS no fibiosis at the advancing edge of the growth, which infiltrates 
direotlv among the liver cells Rcticuhim fibres accompany the fine 
Wood V essels but do not spread out betvi cen the tumour cells 

It IS thus seen that while the onginal tumour shous a well 
differentiated tubular Btruoturc the inetastnses are highly anaplastic 
and hav c a sarcomatous appearance 

Dtaemston 

Tiiiiiours of this typo have been found m both testis and ovary, 
in which they acre described by Pick (1905) They are uncommon 
tumour-' Kruchman (quoted bj Innes, 1942) states that the tumour 
has been recorded in eotopio testes (IC eases) in the ovanes of women 
shovnng menstrual disturbances but vnthout other sevnal disorders 
(3 cases) and in pseiidoheimaphrodites (10 cases) 

In the ovary these tumours arc classed as arrhenohlastomas 
This neoplasm usually occurs in a prevuoiislj normal woman and 
causes, apart from sj-niptoms nscnhable to its mere presence m the 
pelvis (sometimes negligible), a cohort of sj-mptoms and signs of 
defemimsntion and niascnhnisation Araonorrhcca, sterility and 
otrophv of the breasts, endometrium and genital organs (with the 
evception of the clitoris, which frequently shovis signs of hyper 
trophv) belong to the negative defcmmising signs Hirsuties, loss 
of weiglit duo to the disappearance of fat deposits in the hips and 
breasts causing inversion of the feminine pelvis — shoulder ratio, 
enlargement of the larynx with the production of a lower pitch of 
voice are positive signs of mascnhnisation and do not always make 
their appearance These signs and symptoms disappear directly the 
tumom has been surgically removed and even pregnancy vnth 
dcliierv of a full term child has been recorded The chmeal features 
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mentioned above return when recurrence takes place or disappear 
only partially and temporarily when removal is incomplete or when 
peritoneal dissemination or more wdde-spread metastasis 1ms already 
occurred. 

The highest incidence is in the fourth decade— range IG-GC. The 
course of the disease is slow but progressive, and the tumour, if not 
removed or treated with combined surgery and radiation, causes 
death with metastases'in the pelvis, lymph nodes, liver, lungs and 
mediastinum (Ewing, 1940). 

Arrhenoblastoma is a rare tumour, though no doubt more common 
than the 54 cases reported to date avould indicate. Except for the 
case of Bell (1914-15) in England and Mclntjme (1942) in Australia 
no cases have been recorded in the English list. Norris (1938), out 
of 37 published cases, considers only 28 as acceptable, as he is strongly 
of the opinion that a pathological diagnosis of aiThenohlnstoma i? 
impossible and that only the association of the appropriate clinical 
and pathological findings justify the use of tliis term. That clinical 
features also may lead astray is shown by the case of arrhenoblnsfonia 
published by Norris himself in 1938 and which four years previously 
had been diagnosed and published as a case of adrenal cortiei! 
hj'perplasia (Walters et al., 1934). 

Burrows (1943) suggests the use of the term arrhenomn (male 
tumour — ^Ewing), which he would apply “ to all tumours, whether 
situated in the ovary, adi’enal or elsewhere, which produce c.tce.«dvc 
amounts of androgen and so bring about virilism ”. 

R. Meyer’s (1931) subdivision of aiThenoblastoma into t«o 
morphological forms and one intermediate type based on a score o 
his own cases seems to offer a working basis which may be correetc 
and adjusted in the future as more cases are reported. This auf lor 
coined the terra arrhenoblastoma and distingiushes (1) adenow^ 
tubulare testicularis, with a microscopical appearance of cm 
testis, which only’' rarely’^ causes masculinisation ; (2) an ^ 

group with a sarcoma-like structure, rudimentary cords and . 

tubules; this type of tumovu’ is alw'ays associated ^ 
manifest masculine changes ; (3) an intermediate group, wit i pa ' ^ 
resembling groups 1 and 2 and clinical manifestations slig i 
in group 2. Meyer does not consider the presence of 
or masculinising signs as a sine qua non for a diagnosis o 
blastoraa. Only 3 out of 9 cases of group 1 in ® ™ Mpgij 

(1931) presented these signs. On the other hand Plie an 
case conformed to the morphology of group 1 and Jiac 
masculinising syndrome, while GoodaU’s (1934) group o 
no masculinising signs at aU. .. nrd 

The problems of nomenclature and assessment of 
histological criteria are linked up "with that of jjjP othcf 

assumed an origin from an ovotestis. Mey'cr (p. > • ) „ 

hand believes they originate from undifferentiate garni 
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retain their sexual poteno 3 '. Under certain external conditions “ they 
begin late in life to proliferate and then only begin to exert an 
influence in the direction towards maicness In the hUum of the 
ovary the blastema produces tlie rete ovarii and some medullary 
cords or tubules which are the homologues of the rete testis and 
the tubuli eflerentes of the testes. The rete ovarii and medullary 
tubules have bisexual potentialities, but it is only when they proliferate 
and produce a tiunour that they exert a hormonal male-directing 
influence. 

Wilfred Shaw (1942, p. 289) says “ It may be that some of the cells 
in the ovary are in a state of dynamic equilibrium, so that the dividing 
cells may levert back to the structure of ancestral cells of the foetal 
epoch ”. For Norris (p. 28) there seems no reason, morphological or 
genetic, for deriving tliis neoplasm from anj' particular part of the 
primitive sex gland. The arrhenoblastoma “ should be looked upon 
as a malignant ovarian tumor whose morphologic picture more or 
less corresponds to certain, some, or all of the varying structural 
conditions found in the indifferent stage of the sex gland’s 
development ”. 

Novak and Long (1933, p. 1000) consider the rete ovarii an actual 
homologue of the male testis. Everj- woman according to these 
authors shelters a potential testis. “ Under certain conditions this 
undifferentiated male tissue may become active, and its male endocrine 
influence may override the primary female tendency, rvith the produc- 
tion of various degrees of intersexualitj’ ”. 

The diagnosis of arrhenoblastoma in the case here reported has 
been made on the histological findings and the clinical features in 
regard to the history and progress of the disease. In the differential 
diagnosis, in the absence of manifest masculinising signs, other clinical 
syndromes which usually have to be .taken into consideration like 
Cushing’s syndrome, adrenal cortical tumour, diabetes of bearded 
women etc. have been discounted. Onlj' one ovarian tumour — the 
dysgeiminoma — had to be taken into account. The 72 cases of 
dysgerminoma collected by Novak and Gray (1938) occurred mostly 
in pseudo- or true hermaphrodites. The clinical diagnosis of dys- 
germinoma presented itself therefore with some strength, but the 
histological findings were those of a testicular tubular adenoma and 
could not be confused with those of dysgerminoma. It would be very 
difiSoult and indeed futile to attempt to establish the position of our 
patient as regards sex. The finding of a testicle at the operation 
twelve years previously, associated with absence of the uterus and 
hypoplasia of the external genital organs, together with absolute 
amenorrhooa, places the patient, who othenvise exhibited normal 
secondary feminine characteristics, in the class of interscxuals. The 
sequence of events in the patient’s development and subsequent 
pathological abnormalities is obscure and any assumption in this 
respect would bo piuely hypothetical. It is impossible to say whether 
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the intersexual condition preceded the arrhenoblastoma or A\lictlicr 
it followed the establishment of the growth, wliich remained slow- 
groTOng and quiescent for many 3 'ears, possibly since before puberty, 
and gave rise to symiptoms onlj'^ later in life. 

The cases of arrhenoblastoma so far recorded do not warrant any 
definite conclusion as to the pathogenesis of this tumour. 

Malignancy. The progressive course, the recun-ence in cases of 
late or incomplete removal and the metastatic dissemination dispel 
anj’- doubt as to the mahgnancy of the testicular adenoma of the 
ovary, considered by some authors as relatively benign. A fatal 
termination has already been recorded in the cases of l^oni'. ami 
Novak and Long and recun'ences after many years in several others. 

Post-operative radiotherapy is advocated bj’’ several authors; 
others are against in’adiation in view of the danger of affecting the 
other ovary and so preventing refeminisation. In our view ])05t- 
operative radiation treatment should be approached on the lines 
followed when dealing with other malignant tumours of the ovary. 
In patients under thirty’^-five the points to be considered arc whether 
the tumour has been removed in its entirety and intact, its eir.c, 
probable duration and clinical features. 

Summary 

A case of arrhenoblastoma of the ovary with intersexuality of 
at least 7 years’ duration (possibly 40 years since puberty) is described 
and discussed. The tumour recurred after removal and ultimately 
disseminated widely'. 

We are indebted to Mr H. J. Nightingale, JM.S., F.R.C.S., senior honorary 
surgeon to the Royal South Hants and (Southampton Hospital, both for per' 
mission to publish this case and for helpful criticism. 
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THE HISTOGENESIS OF EXPERBIENTAL 
pneujmonia in mcE 

L Hoyle and J W Orr 

rrom the Department of Experimental Pathologj and Cancel 
Research in the Vnitetsiltj of Leeds 


(Plates LXI LXV) 

Akdrewes, Laidlaw and Smith (1934) showed that pvilmonarv lesions could 
be produced in mice by intranasal inoculation under ether anaesthesia with 
the viruses of human and swmo mfluenxa The^ thought that such lesions 
were readilj produced by these viruses onlj * and that bacteria played little 
or no pact in their development However* as a result of the work of Ncufeld 
and Kulin (1934 35) and of Hoyle (1936) it became clear that inflammatory 
lesions of the lung could be readilj produced witli almost any mouse pathogemc 
agent* and the technique is now widely usetl m the study of mouse pathogenic 
bacteria protozoa, rickettsiu and viruses Hoyle thought that there was 
little essential difference between bacterial on<l virus lesions, but Straub (1937, 
1940) demonstrated that the influenza viniscs produced a charnctenstic lesion 

The present paper describes a more detailed studj^ of the histologj 
of the bactenal lesions and confirms Stinub's work 

CxTEKIilEKTAI, PROCEDUHES 

The mice were uioculated mtranosnllj under light ether nnTSthesia with 
0 05 to 0 1 ml of culture or lung extract Animals were killed at intervals 
or evnmmed when they died Cultures were made from lung and systemic 
blood Unless the distribution of lesions made modification desirable, the left 
hmg was used for cultures, while the right lung vios fixed mtact m 4 per cent 
formaldehyde salme and the paraffin block cut dowTi to the plane of maximal 
area Sections from this region were stained with hiemalum and eosin, iron 
h'omntoxj Im and v an Gieson and Lawson s elostic stain, and bj Gram’s method 
or carbol thionin for organisms Sections of trachea viere exammed m many 
instances and other organs m a sample of each group 


Results 

It was evident that infective material was not held up in the 
hioncbi but was reaching the alveoli in a very short time after 
inoculation We inoculated a small group of mice with a suspension 
of feme feirocyanido b^ the same method and killed the mice at 
intervals In those killed immediatelj, a large part of the Prussian, 
blue had entered the oesophagus and stomach , m the respiratory 
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tract it was present in the tracheca and main bronchi. After fire 
minutes it was in the substance of the lung and in ten minutes patche- 
were clearly visible tmder the visceral pleura ; it was most abiindan! 
in the ventral and cephalic parts of the lung, presumably a hypostatic 
effect. IVCcroscopically, the bulk wms in groups of alveoli wliicli wn' 
more or less collapsed, though there was still a thin layer on the 
surface of the bronchial epithelium (fig. 1). 

The bacteria used varied greatly in pathogenicit 3 ", from tlioje 
which killed everj’- animal in an experiment to those with which all 
survived, but even with the latter some evidence of inflaminatorr 
reaction was found in the lungs. Wlien infective material first readies 
the alveoli, all lobules are not affected, the primat^^ lesions heinp 
focally distributed. In such foci the alveoli are more or less collapsed 
and contain polymorphs and mononuclear colls, the proportion of 
poljnnorphs being liigher^-witb tbe more virulent bacteria. Tin's 
initial stage we shall refer to as “ collapse inflammation ”. Sometime; 
the process takes the form of traheculm of collapse dividing groups of 
normal alveoli (“ trabecular collapse inflammation ”) (figs. 2-5). 

The stage of collapse inflammation is found in some degree mth 
all bacteria. In the case of non-virulent bacteria it is followed bv 
resolution, the exudate gradually loosening and the alveoli reopening; 
during the process large active macrophages containing cellular debn* . 
etc. are seen (figs. 6 and 7), In the more severe infections, inflammation 
seems to spread in two main ways : (1) hj’ progressive extension 
fi’om the peripherj^ of individual primary foci to the nivwi 
surrounding them (figs. 8 and 9), ultimately resulting in masnve 
consolidation by^ confluence ; (2) along the adventitia of the ^ 
and bronchi through a considerable tract of lung (figs. 10-12). fW'"*- 
has been little evidence of the spread of infection up and down i 
lumina of bronclii. ■ 

The second method of spread seems to be of gi'cat iniportmn]^^^ 
the development of extensive fatal pneumonia, especially those 
most like human lobar pneumonia. The vascular adventitia 
primary foci of collapse inflammation becomes swollen, 
congested or aotualty hsemorrhagic and later infiltrated w 
cytes. Inflammation may then track along it, extending 
primar 3 ’’ focus and along the vascular tree into other par s 
lung where there is as 3 "et no evidence of alveolar I 

process is much more marked round blood ^ ''I” j 

Whether arteries or veins are involved depends on t le < i- j 

of the primary lesions. The branches of the arteries 'jjfjtei 

of the bronclii throughout the lung, so that the 3 ' mfl} 
in quite small peripheral foci of collapse inflammation. 
run independently except in the hilar region, so tlm ecn 
peripheral lesions are necessar 3 '. 

Many mice die at the stage of widespread . y{rnlfn<^‘’ 

ivithout fiirther alveolar involvement. In infections o 
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3 days. Eleven mice killed, 3 dead. MacroscopicaUy, conspicuous paid- 
congestion. Histologically, like 2-day changes, hut mononuclcar/polvTOori 
ratio increased; associated bronchioles and atria dilated; ccdema. k- 
ilammation of hilar interstitium and tracheo-bronchial lymph glands. Picaro! 
endothelium swollen, with in one case superficial fibrino-loucocytic oxudotl 
Adventitial inflammation occasionally for quite a short distance beyond tk 
primary foci, veins showing mainly mononuclears, arteries also pcij-morpls 
and oedema. In the fatal cases, evidence of centrifugal spread of inflammatipn 
from the foci of collapse hiflammation to the surrounding alveoli ; poljTnorpSu 
relatively more numerous in these mice. Cultures : lungs -f in all fatal ca'ic? 
and 5 of the 11 non -fatal cases. 

4 days. Two lolled, 1 dead. MacroscopicaUy, conspicuous patchy congi^- 
tion in 2, only slight changes in 1 (killed) mouse. Histologically, in the kiiki 
mice, polymorphs absent from exudate, coUapsed alveoli beginning to open 
out. In the dead mouse, much trabecular collapse inflammation, with conilurat 
pneumonia and mediastinal lymphadenitis ; bronchial epithelium degenerate, 
probably a post-mortem effect. Cultures ; limgs -p in 2 cases. 

5-10 days. Twenty-eight mice lulled. Gradual recession of clinngc:. 
Alveoli reopening, exudate diminishing and mainly macrophages (foamy cdh 
and dust cells), with sometimes lymphocytes and polyblasts, poljanorplis mt. 
In one instance, “ epithelium ” in some of the alveoli. Resolution slower in tlio 
vascular adventitia and mediastinal lymphoid tissue than in the alveoli. None 
completely resolved. Cultures : lung in 1 mouse (0 days). 


Pneumococcus 

Four experiments, 92 mice, 3 strains of pneumococci. 

First strain. No mice died, 23, lulled after periods of 1-10 dnj's. CLnngc.' 
in lungs similar to those with H. injluenzcc, but lesions less congested and early 
exudate contained a higher proportion of poljnnorphs. Culture : lungs -f 
2 out of 4 (1 day), in 1 out of 4 (2 days) ; blood — in all. 

Second strain. Two mice died (in 1 and 2 days) ; 23 killed after 1-8 
Dead mice showed (1 day) collapse inflammation with beginning confluence 
upper lobes, culture + in lungs and blood ; (2 days) both lungs solid, coliai® 
inflammation not prominent, oedema and leucocytic infiltration of 
adventitia throughout, considerable patcliy nngiogenous pneumonia, 
lungs -f , blood — . Killed mice : collapse inflammation more extcnair 
with first strain ; adventitial inflammation sometimes extending 
primary foci and in later stages polymorphs and polyblasts reph' 
lymphocytes ; hilar cellulitis and lymphadenitis ; from the third day 
swelling and mucoid degeneration of bronchial epithelium, with desqua 
in one case; resolving angiogenous pneumonia once (9 
■“ epithelium ” in alveoli once (5 days). Culture : lungs -f- in 1 out of (■“ - 
1/4 (3 days), 1/2 (4 days), 1/4 (5 days), remainder - ; " I ,u,tufe). 

Third strain (type III). Two experiments (one with dilinw 
Six mice killed after 1 day ; 31 and 7 died in 2 and 3 days respect 
mice showed multiple foci of collapse and less numerous bright red non 
foci ; 2 showed pleurisy. NIicroscopically : collapse 

inflammation of vascular adventitia (artcries> veins). yd'.h 

throughout the lung, the exudate containing numerous pneum 
escape of the latter into adjacent patent alveoli, and occasionn ^ 
gonous pneumonia. Pneumonia possibly confluent in plopni'-'* 

lungs blood -f in all. Dead mice (2 and 3 days) showed fur ^ 

of angiogenous pneumonia, with massive patches of conso clcady 

collapsed alveoli. In places, tho site of a future patch of ^ , pAvcntil^' 
indicated by myriads of pneumococci escaped from inflamed a c 
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Kio. i». — Mnasivp eoIInp-><* mnflnvmntion ; tlio 
pmptj’ potent bronchi oml ntnn arc promi- 
nent flgnmst the background of collapsed 
nheoh with leucocytic inliJtration. Pnen- 
mococeus (n^rndent). Killed at 1 day. 
10. 
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HiSTOCENESIS OS' EXPEmiENTAL PVEU'MOKTA 



riQ 6 — Delayed resolution of a largo patch of 
collapse inflammation H vijlucnzcr. Ktllod 
at 0 dajs X 60 





Fio 7 — Stage of resolution of a patch of 
collapse inflammation, alveoli reopening, 
polymorphs largely replaced by macro- 
plmges, lymphoid infiltration of ad^cntltln 
of \em Pneumococcus (low Mrulence) 
Killed at 9 days X 150. 



Fro 8 — Pnouinonia do\ eloping by confluence* 
of tlio prirnnrj lesions of collapse iiiflam 
mation (cf fig 0) // injiucnzcr Dead nt 

4 doj s X 60 



Fir 9 — Pneumonia b} confluence H per- 
Killed at 4 «Iaj« x GO. 
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HiSToorNEsis oy ExrFBr»J36r>rtAi. Fs'E’usiovxa 




Titf 10 — CoHapso inflanjfrntjon at, top of 
folii with bacterial imusiotv and intlam 
mntorj aw cllmt, of the flvlt ent itia of tlio nsso 
oiatt d ortcrj and broncbiole extension of 
mflan\roatK>n along tlio arterial adventitia 
to tlio lo»ej port of thn fieJiil uJiero t)>p 
surrounding nheolt are free from inflnmma 
tion Fnedl mder s bacillus Dca<l at 't 
daj's X 00 



no 11 — Widcsprendextensionthroughhmg 
of odventitial mficmmation especially of 
nrtenos, surrounding ftlveoh normnl apart 
from mechanical compression Pnoumo 
coccus Dead at 2 day 8 >< 40 



1 1< — Intinst mil iinnnUion of an rtrtctml 

ttUcntitirt and early nugiogt nous pneii 
morjm xx.\vht)iit cnllap e of iJie Riirro»Tid«ig 
nheoU Pm umoeoertH Dciul at two daxs 
< 60 





g.' I »• -d H s ^ 

-“-f 'v*^ i.- i 



Iir 13— “Angiogenous ’pneumonia showing 
leucocMic exiulnlo m expanded aUeoh 
Pntumofoccui# DcadatSdn^s ^ IJO 
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HlSTOOrVfSIS OP E-^CPERIHfESTAt. rKFUMOVIA 



. ** * . 
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1 e, o^tnoxin pnewmonift 

uti to an artonni (uhentttia! lesion 
in upper part of JioM «itli collajiso inflmn 
uuitiou (\em in mnlst) m lower part 
Pneumococcus Dead at 5 <Iajs x -10 



1- tr IG — Hnjiichiolo jn ujijw Imlf of field 
f-how uij; \ iru-i (liltrate) lesion , portion of nn 
urt«r» Jvelou I’nstenreHa imd stapli^ loeoec* 
ttUo present Dead nt 0 daj s x 2 »0 



showing degeneration of bronchial epi- 
Ihohum and leucocytic infiltration of 
bronchial woH, nivcoh somewhat emphy 
semntous, nomflnmmotion Sterile Killed 
ttt 3 days x60 



In. 17 — Irre^nilar strntificntion and dc« 
generation of bronchial cpithehura m \ inis 
{filtrate) infection Pastcunlln also pro 
sent Dead at 0 ilnys. x 250 




mSTOGEmSIS OJP experimental pneumonia 445 

Ko pus jn bronchi except m regioi^ of primary coUapso mflamination , slight 
raueoid degeneration of bronchiaj opiihelmm Three day mice showed well 
marked macroscopic lobar consolidation Culture all lungs -h* blood m 
only 1 out of 14 examined , this suggests that death was due to pneumonia 
and not septicrcmia in most cages 

Staphylococcus aureus 

Two ex-penmente, 2 strains, 35xqico Both strains proved avmilent to mice 
none died In mice killed at xorious mtorvalg the early lesions were those of 
focal collapse wathout much congestion Microscopical findings aunilar to but 
slighter than those xnth H. inJluenzcSt resolution pnwtically complete by 5 days 
fjulturo lungs + (small number of colonies) after 1 day, — thereafter » blood 
-- tliroughout 


Paste uralla 

Aa this organism was frequently rocoverod from tlio liinga of mice moculated 
snth mfiucnara xnrus, ifc was necessary to obsene its own uncomplicated effects 
It IS important to point out that the experimental lesions m this group were 
very sircar to those occurrmg when PastouroUa was found incidentally, apart 
from the x irus changes m the bronchial epithelium 

All mice dead in 2 or 3 da) a , lungs mtcnsol) congested and injected, mth 
no tendency to demarcation of lesions aa m most of the other infections 
Microscopically, in mice killed after 1 day, pronounced changes of collapse 
inflammation tjpe, but lesions large, with abundant leucocj'tic exudate, so 
tliat collapse of alveoh was less complete than m other infections After 2 and 
3 days an intensification of this process, with confluence, the intervening 
alveoU containing more numerous polymorphs than m other infections , 
<cdoma of whole lung and congestion of inter alveolar capillaries marked , 
inflammation of vascular adventitia sotnctimeg present but never promment 
Culture -f- (large numbers) m all cases 

H periussh 

Twenty two mice , 15 died m 2 4 days, 7 killed m 1*8 days 
ilacroscopicallj , multifocal collapse m 1 day, considerable rod patelies 
(colour less intense tlmn with virulent pneumococci) in 2 da>s, almost tlio 
whole lung sometimes invoKod m 3 da3ra Colour receding m 6 days, and 
subsequently lungs eomouhat mdurated, greyish pmk, with a few pale spots 
whore resolution most advanced 

Microscopically, initial collapse inflammation , centrifugal spread from 
primary foci m 2 days, with promment penarteritis oxtendmg wndely througli 
the lungs, characteraod bj oedema with rekatixoly scanty polymorphs, and 
compamtn ely little chango in x enoua adi entitia Well marked diffuse o^ema 
of whole lung and angiogenous pnoumoma m many cases In 3 days all these 
processes more conspicuous, pneumonia apparently developing BimuUaneoualy 
by contnfugai spread from primary loci and by mvosion of alveoh from arterial 
adventitia, cedema fluid replaced m places bj shredsof fibrin , moderate diffuse 
infiltration with macrophages contaming altered blood pigment, degenerative 
•changes In bronchial and tracheal epithelium m some cases, but accumulation 
of bacilli on the surfaco of bronchiol epithelium not so conspicuous a phenomenon 
ns Burnet and Timraina (1937) eecm to have found it In 4 daj^ woU established 
lobar pneumonia with exudate of fibrin, polymorphs, alveolar macrophages and 
■other mononuclears Subsequently progressive resolution, alveolar macrophage 
replncmg other mflammatory cells Culturo • lungs 4-, oven at 8 days when 
resolution well advanced 


)owx or WTO — vou xrn 


2 n 
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Friedlander's bacillus (Klebsiella pneumonia:) 

Two experiments (one with diluted 72-lioui- culture) ; 3S mice ; 2 killed n‘ 
1 day, 2 survivors (diluted culture) killed at 8 and 11 daj-s, romninckr died L 
2-6 days (mostly 2 or 3 days). 

The most intense infection studied, llacroscopicnlly, in 1 day mnUiforat 
collapse and petechiro, in 2-4 days extensive hfemorrhagic'consolidation, in 8-dav 
survivor one lobe greyish pink and indurated, in 11-day survivor Mibplcuail 
peteclure only. 

Microscopically, inflammation of vascular adventitia marked oven in 1 dav. 
Arteries, veins and to a less extent bronchi affected practically tlirougliont lun'r. 
with great swelling, oedema, congestion, pcljunorphs and nmnerous bacilli; 
invasion from without of the other Ia5’ers of the vessel walls especially in tb-' 
region of the hilum, which appeared to be 'the primary point of invasion and 
from which inflammatory infiltration extended along the vessels. Focal collapc'' 
inflammation relatively inconspicuous. In mice dying on 2nd or 3nl d.iy 
periangitis stiU more marked and angiogenous pneumonia present, usually 
in several places ; pleurisy ; mediastinal lymphadenitis ; tracheal and peri- 
tracheal lymphangitis. In those surviving 4-6 days, collapse inflammation 
more conspicuous, periangitis less widespread, no special intensity at hilum: 
in these less acute eases the process was developing by centrifugal spread from 
foci of collapse inflammation rather than along the vascular trees. In 8 days 
one collapsed lobe, infiltrated with macrophages: at 11 days patchy partial 
collapse with macrophages, traces of “ epithelium ” on alveolar walk. Cnllurc 

in lungs and blood of all except last two animals. 

Influenza virus A (W.S. strain) 

Two experiments, one with a lightly centrifuged saline extract of infected 
mouse lungs (27 mice examined histologically), one with a bacteria-freo fiitratc 
(gradocol membrane A.P.D. 800 mp) of a similar extract (20 mice examined!. 
Macroscopic appearances variable, but similar to those found with bnetena. 
especially Pasteurella. 

Microscopically, in 6 mice killed after 1 day, bronchial opitlioliura somcwlUi 
swollen, vacuolated, cell margins blurred, with occasional slight desquamation 
or polymorph infiltration. In 2 days (2 dead, 4 killed) well marked epithc 
degeneration, plugs of muco-pus in lumina, focal hronchiolnr dilatation. 
bronchitis. In 3 days (8 dead, 3 killed) all these processes more 
denudation of bronchial wall in places. Progress of changes quicker vif nn^ 
filtered virus. In 4-0 days degeneration still prominent, but in some 
evidence of regeneration of bronchial epithelium, at times with 
The foregoing changes are substantially the same as those described by 
(1937, 1940), and are additional to anytliing seen in the bacterial infections- 
the alveoli, on the other hand, though the findings are v'ariable, ^ 
the same types as in bacterial infections. Lung cultures showed rfis c 
in many cases ; other organisms included streptococci, staphylocci an • 
oven in the second experiment (with filtrate) secondary bacterial -^j 

found in 80 per cent, of animals. In those showing Pnstemvlla, the us ° ^ 
type of pneumonia was very similar to that obtained with Pastcure n c 
Extensive bronchial epitheh’al changes without alveolar mvolvorocn 
in a number of cases ; in some of these the other lung had been stcnlo on 


Discussion ^ ^ 

There is in existence a considerable literature 
pneumonia, especially of pneumococcal origin, but as us 
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■comprehensively reviewed by Hcffron (1939) we do not quote from 
it at length. It will suffice to indicate the bearing of previous work 
on some of the points in the present study. 

In our experiments with bacteria it has always appeared that the 
infective material quickly reaches the alveoli and it is there that the 
first signs of inflammation are foimd. This is in agi-eement with the 
findings of Gaskell (192.5), after intrabronchial injection of pneumo- 
cocci in rabbits, that there is no damage to the bronchial epithelium 
or -n-alls in the early stages. Permar (1923-24) found that experimental 
pneumonia in the rabbit originated as an acute inflammatory reaction 
of the trachea, bronoliial tree, alveolar ducts, atria and alveoli, but 
that the severity of the reaction was greatest in the terminal bron- 
chioles and the structmes distal to them. Branch and Stillman (1924), 
after exposing mice intoxicated with alcohol to sprayed pneumococci, 
reported that the earliest lesion was an interstitial inflammation ; 
inspection of their figs. 4 and 5 suggests that the lesion they so 
describe corresponds with our collapse inflammation. A similar 
difference in interpretation exists between us and Rake (1936), whose 
fig. 7 is stated to show “ great thickening of the alveolar walls with 
the collection of loucocjtes inside and outside the alveolar capillaries ” ; 
the picture itself shows a lesion which we should have called trabecular 
collapse inflammation, the alleged thickening of alveolar walls being 
in our opinion the result of close opposition of the walls. This 
condensation of lung tissue is clearly appreciated when the elastic 
tissue is stained. 

Blake and Cecil injected pneumococci intratraciieaHj' in 

monlreys and believe that the first lesion is damage to small areas 
of the epithelium of large bronclii, which enables the pneumococci 
to penetrate to the peribronchial and perivascular interstitia in the 
region of the liilnm. Thereafter the inflammatory process spreads 
along the vascular and bronchial adventitia and the septal tissue 
before organisms and exudate are found in the alveoli. After con- 
.solidation has developed the interstitial changes arc less conspicuous. 
It -will be seen that our view of the genesis of lobar pneumonia is 
essentially in agreement with that of Blake and CecU, except that 
we have not found that the process necessarily originates at the 
hilum of the lung. This may well be a question of virulence, as our 
observations lend some .support to the idea that in the most intense 
infections the process originated at and spread out from the hUum ; 
moreover it was the usual finding in Friedlander infections. The 
presence of changes in the perivascidar connective tissues has also 
been emphasised by Permar (1923-24), Gaskell (1925), SchObl and 
Sellards (1920), Robertson, Coggeshall and Terrell (1933), and Rake 
(1930) for various animal species, though not aU of them are prepared 
to accept the view that these changes constitute an important part 
of the mechanism in the genesis of pneumonia. Loosli (1942) believed 
interstitial involvement to be secondary and that the spread of 
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iiifection was from alveolus to alveolus, but liis experiments wero 
carried out on monkeys ansesthetised uith morphine, whicli might 
result in considerable pulmonarj’- oedema over the critical period. 
Tlie importance of oedema in the spread of infection is also stressed 
by Gunn and Nungester (1936) and Hamburger and Robertson (1910), 
wlio gave intrabronebial injections of pnemnoeocci to rats and 
morpbinised dogs, accompanied by mnein and starcli respectivriv. 
Loescheke’s (1931) examination of human material led him to regard 
the cedema as essential to spread of the lesion. Coryllos and Birnbatim 
(1929) believe that the starting point of lobar pneumonia is a lobar 
collapse. We are inclined to believe that massive consolidation may 
result from either coalescence of small foci or rapid ovenriielniing 
invasion of the alveoli from a preliminary widespread intci?fitial 
infeetion, but are attracted by the theory tlmt the classical lobar 
pneumonia of man may originate in the second of these vays. 
Amongst other things this would explain its fulminant onset, 
apparent uniformity in age throughout the lesion, absence of collapse 
in the consolidated alveoli and well marked associated pleurisy. 

The primary change in influenza xnrus infections is degeneration 
and destruction of the bronchial epithelium, as preriously described 
by Straub (193'r, 1949). Thereafter the changes in the alveoli may 
be of a very diverse nature, lunging from extensive collapse to well 
developed pneumonia of various histological types. Bacteria are 
recovered from the pneumom'c lungs in such a high proportion of 
cases that we are inclined to believe tlmt the appearance of pulraonan 
consolidation is due to secondary bacterial invasion. Tlie liistolo^csi 
type of pneumonia probably depends upon the letiological oxganhm. 
though we can only claim to have proved this for Pastenrella infection^. 
It therefore appears that the ori^nal statement by one of ns (h- 
that the pneumonia following influenza viius infections in 
indistingui.shable histologically from that caused by patlio^''^^ 
bacteria, wliile in one sense valid, should be qualified by stating 
the distinction can be made by' an inspection of the bronchial epit in 

StratMARY 

After intranasal administration of bacteria to 
the earliest changes are found in scattered groups of ahco i- 
show collapse and leucocytic infiltration. Tliis occurs 
bacteria of low virulence. With ^Trident 
extension of pneumonia may take place eitlier by centn «gn 
from the primary* foci of collapse inflammation, or by frotn 

the vascular adventitia followed by' widespread invasion i _ 
of the alveoli. The latter method appears to bo the 
production of lobar consolidation. There is no conMnemo 
of the spread of infection up and down the bronchial 
primary phase. In the mo.sfc .severe infections inflamnia i 
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from the hilum. Changes in the bronchial epithelium are late, as 
opposed to influenza vims A iiafections, where they are primary 
and characteristic in type. 

Our thanhs are due to Mrs M. A. Smith for the coloured plate, to Professor 
H. B. Slaitland for the atrain of H. pcrttwsts, and to the late Sir Patrick Laidlow 
for the influenza virus. 
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576 . S . 097 . 37—015 • 25 : 547 • 625 (Congo red) 

FEATURES IN THE CONGO RED MOLECULE 
ASSOCIATED mTH THE INACTIVATION OF 
COMPLEMENT 

J. Gordon and N. Walker 

From the Dcpartrnmt o/ Pathology and Bacteriology, University of Leeds 

The action of Congo red and a number of other dyes in inactivating 
complement was first shown by Klopstock (1024). He suggested that 
his results tended to support the view that complement inactivation 
is a physico-chemical phenomenon in which the colloidal state of 
the reacting substances is an important factor. The list of dyestuffs 
wliioh he employed includes members of various chemical groups 
and they abo vary considerably in respect of the physical states of 
their aqueous solutions. 

Gordon (1930) also shoved that Congo red and related dyes (Congo 
orange and Brilliant Congo 6) inactivated complement as shown by 
tests on tlie bactericidal and hamolytio activity of normal guinea-pig 
serum. Tliis inactivation was unaccompanied by destruction of 
complement, since charcoal removed Congo red from an inactive 
mixture of complement-containing serum and dye, thereby restoring 
its hajmolytie activity. This reversibility, wliich was readilj' demon- 
strable, indicated an adsorption phenomenon of the dye on the 
complement. Similar inactivating effects were shown using Congo 
led against streptococcal hiemolysin, Gl. tvdehii hajmolysin (Gordon, 
1931) and the anthracidal power of serum (Gordon and Wood, 1937). 
All these effects were readily reversible. Using the in-vitro 
anaphylactic technique, it was shown (Gordon and Robson, 1932) 
that Congo red caused inhibition of the anaphylactic reaction and 
that such inhibition was reversible. 

The njifi-compbrncnfan/ aelivily and substantivily of dyes of the 
Congo red series 

It seemed desirable to investigate whether this pioperty of Congo 
red was in any way specific and how far the chemical structure of 
the d3-e could be modified without loss of activity. Since Congo red 
uas the first sj-nthetic direct cotton dj-e to be discovered (Bottiger, 
1884), the first point seemed to be to decide whether snbstantivitj' 
(t.e. capacitj- to dye cellulosic fibres directly without a mordant) 
was related to anti-complementari’ action. For tliis purpose the two 
isi 
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isomeric disolphonic acids of CJongo red, namely the bisazo 
obtained from benzidine-2 ; S'-disulphonic acid and benzicIiiic-3 ; 3 - 
disulphonic acid respectively and two molecules of 1-naphth.vlnmine* 
4-sulpbonic acid were prepared and their action on comp}emenf 
determined. The former compound showed practically no affinitv 
for cotton and the latter at least equal affinity to Congo red in 
comparative dye trials. Both dyes had even more anti-coraplcmcntary 
effect than Congo red (table). The procedure was as follows. A 
2 per cent, solution of each dj^estuff in distilled water was freslily 
prepared and varying amounts from 0-05 c.c. upwards were added 
to 1-0 c.c. of normal guinea-pig senim. These mixtures were allowed 
to stand on the bench for 3 hours ; 0*1 c.c. quantities of each were 
then added to 0-3 c.c. of 4 per cent, sensitised ox red cells, incubated 
at 37° C. for 1 hour and the degi'ee of heemolysis read. 

Tliese results suggested that the possession of substanti^ity by 
bisazo dyes of tliis series is in no way related to anti-complementary 
action. The mono-azo dye, benzene-azo-I-naphthyIaniine-4-siilpbonic 
acid, was prepared and investigated for anti-complementary activity 
because it is a symametrical fission product of Congo red and a 
compound of smaller molecular weight. It was found to have weaker 
anti-complementary activity — about half that of Congo red and less 
than half tliat of the Congo red disulphonic acids. 

The effect of replacement of ainino gmips by hydroxyl grouji'S 
in Congo red dyes 

To investigate whether replacement of the amino groups in Congo 
red by hydroxjd groups had any influence on anti-complement^ 
action, the dye Congo Corinth G (Berlin Aniline Co.), t.c. Congo md 
in which one amino group has been so replaced, was used. Tlas ye 
was not sufficiently soluble for comparison by the technique usua f 
adopted with Congo red, so that a 0-2 per cent, solution of the )e 
was tested against a 1 : 10 dilution in normal saUne of normal gtuoej' 
pig serum. The results showed that Congo Corinth G had an an 
complementary activity parallel to that of Congo red. K 
important to compare the activity of the dye obtained by 
both amino groups of Congo red by hydroxyl groups, but as t le r 
compound obtained by coupling tetrazotised benzidine ot 
molecules of l-naphthol-4-sulphonic acid was not sufficientlj so o 
the corresponding bisazo dye from henzidine-2 : 2 '-disulpnomc 
was used. The results showed that tliis dye had mar ' 
complementary activitj’^ comparable to that of Congo red isu P 
acid, thus demonstrating that replacement of the amino 
liydroxyl groups in no way' reduces the anti-complementarj a 
of dyes of the Congo red scries. However, a comparison o 

mono-azo dyes — ^benzene-azo-l'naphthylamine'4-sulphomc a ^ 

the symmetrical fission product of Congo red mentionc a 
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benzene-azo-l-naphthol-4 sulphonic acid {t e the S3Tnmetrical fission 
product of Congo red in which the ammo group has been replaced by 
a hydro^l group) — shou ed that the formefr was approximately twice 

Tablf 


The effect of lariom dyes on complement activity 


Mixtures of truinca p!g pcrom and dyes 

Effect of adding 

. 


0 1 c c of the 




mixture to 0 3 c c 

Guinea pig 
•erum 


Bye 

sensitised ox red 
colls 


0 01 c c 

1 


ff 

1 c c 

undiluted 

0 1 „ 
Ol'i „ 

j-Congo red (2 per cent ) 


4 


02 „ 



U 

. 

0 06 „ 

0 1 „ 

0 15 „ 

' Bonzidino 2 2 disutphonic acid bisazo dye 


fo 


' (2 per cent ) 


lo 

, 

0 06 „ 
01 , 
Ol") , 

1 Cenzidmo i 3' diaulphomc acid bisnzo dyo 


fo 


^ (2 per cent ) 


IS 


0 05 „ 



f'i 


0 1 

Benzene azo 1 naphthylanune 4 sulphonic 


t 


0 2 „ 

r ocid (2 per cent ) 


4 


0 25 



[o 


0 O'* „ 

\ Bvsazo d>o from benzidine 2 2' disulphomc 


4 


0 1 

V acid and I napbtbol 4 sulphonic acid 


0 


or, „ 

) (2 per cent ) 


0 




Effect of addluc 




1 0 e c of the 
mlztore to 0 3 c c 




seositlsed ox red 




cells 

1 0 c 

0 06 c c 

) 


(4 1 

diluted 

0 1 „ 

^ Congo Corinth G (0 2 per cent ) 

(0 

J 10 

0 15 „ 


0 1 „ 

1 


4 


0 2 „ 

[Acid fiicbsm (2 per cent ) 


o 


0 3 „ 


0 


0 05 „ 





0 1 „ 

0 2 „ 

[•Basic fuchsin (0 2 por cent ) 


4 


0 3 „ 

1 


P 


0 05 

0 1 , 

J-Bnsie fuchsin (0 5 per cent ) 


4 

0 


4 =5 complete lucmolysis 
2 = partial hamoU-^rs 
0 =! no hxmolysis 
P = precipitation 

as anti-complementary as the latter. The companson had to be 
earned out using, in the case of the latter dye, 0-2 per cent, solutions 
and 1 10 dilutions of guinea-pig serum in normal saline, because 




454 j. GOjRDON and N. WALKER 

of its lower solubUity. Thus in contrast to the results with (lro= c/ 
the Congo red series it appears that replacement of the nmitioVouD 
by a h 3 ^droxyl ^-oup in the simpler mono-azo dye has a coiidflerabb 
influence on anti-complenientarv activity. 


T/ie anti-comphmentary aciim of other chemical substances 

In view of the lack of definite evidence of any specificity attached 
to the Congo red molecule, and also because of Klopstock’s previoiisly 
mentioned results of anti-complement aiy action shown bv aidclv 
differing chemical groups of dyes, other substances were oxaminC'd. 
For this purpose we selected eo.sin G (a jrhthalein dye), ba.sic fuch.fin 
and acid fuchsin (tiiphenydmethane dy^es). We found that co?\n va* 
equal to Congo red in its anti-complementary activity b\U. on the 
other hand, there was a striking dijference in the beliaviour of b.isic 
and acid fuchsin. Owing to the low solubility of basic fuclrsin it vas 
found necessary to use 0-5 and 0-2 per cent, solutions in place of the 
more usual 2 per cent, solutions. The results (table) show that bade 
fuchsin is approximately ten tiihes as anti-complementaiy a*! acid 
fuchsin. It is interesting that the hitroduction of snlphonic acid 
groups should so greatty reduce the anti-complementnry activity of 
basic fuchsin. 

In this connection it is of interest to record that lilopstook (lflS2). 
from investigations of the action of hejrarin and Gormaniii (Bayer 
205) on immrme reactions, suggested the possibility that .siib4aace? 
which change the iso-electric point of proteins towards the acid dde 
exercise an increased influence on complement. It appears po’didc 
that the diflfering anti-complementarj' activities of acid and b-i-k 
fuchsin may be of this nature. Schmidt ( 1925-26) and IGopstock ( 1 !t'2)r 
among others, showed that Gennanin would inactivate 
and this observation we have confirmed by using Antrypol (I.C.I}i 
wliich is the English equivalent of Germanin. The initial intorist 
in this compound was parity due to the fact that altliougli^ h h ® 
colourless substance it possesses marked substantivitj'. 
found it to be slightly more anti-complementary than Congo rcf > 
of a 2 per cent, solution OT c.c. inactivated while 0'05 c.c. failed 
inactivate the complement of 1*0 c.c. of normal guinea-pig seruni.^ 

The anti-complementary action of Congo red was not iniiint' 
wlien dilute solutions of the dye were mixed vrith diluted -ernni. 
This effect was shown in the following mixtures ; undiluted 
and 2 per cent. Congo red solution ; serum diluted 1 ; 4 with 
saline and 0-5 per cent. Congo red .solution ; serum diluted 
with normal saline and 0’2 per cent. Congo red solution. 
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Sctersibilitt/ effects 

It has been shown previously (Gordon, 1930) that the inactivation 
of complement by Congo red can ho prevented by adsorbing the dye 
on charcoal. In the case of the inactivation of streptococcal haemolysin 
by Congo red, Gordon (1931) showed that this action was reversed by 
adding cuprammonium artificial silk to the mixture, allowing it to 
stay in contact for a short time and expressing the fluid, which was 
then again hremolytic. This method was now used in the ease of 
certain of the dyes already mentioned, emplojung either artificial 
sillr or natural silk as tho reversing agent. Thus the anti- 
complemontaiy activity of benzene-azo-l-naphthylamine-4-snlphonio 
acid was reversible with cuprammonium artificial silk but more so 
with natural sillv. Congo red inactivation was reversible with natural 
sillc, but was more easily reversible with cuprammonium artificial 
silk. Tho inactivation of complement by Antrypol was not reversible 
with either. In the case of tho disulphonio acids of Congo red, the 
complement inactivation by the bisazo dye from benzidine-2 : 2'- 
disulphonio acid (not substantive) was reversible with the artificial 
but more bo with natural silk, whilst the bisazo dye from benzidine- 
3 ; 3’ -disulphonio acid was reversible with both agents about equally. 

Dieettseion 

The point to he noticed in these experimentai resufts is that the 
inactivation of complement in normal guinea-pig serum by dyestuffs 
and related compounds is not associated with any important chemical 
changes in the constitution of the compounds, but rather consists in 
a simple adsorption of tho dye on complement or at most in some 
loose chemical combination. The fact that dyes of widely differing 
chemical constitution can inliibit the action of complement and that 
agents such as cotton, silk and even charcoal can reverBe this action 
in tho case of suitable dyes supports this conclusion. There is a lack 
of any relationship between substantivity and tho anti-complementary 
activit}’ of dyes of the Congo red scries. Modifications of the chemical 
straoture of Congo red such ns the introduction of further sulphonic 
acid groups or replacement of tho amino groups by hydroxyl groups 
have little or no influence on anti-complementary activity. However, 
in the case of tho symmetrical fission product of Congo red — benzene- 
' " ' ‘ ' ’ ’ ' acid, the molecular weight of which 

-the anti-complementary activity is 
approximately half that of Congo red. Wlien the amino group of 
benzenc-azo-l-naphthylamine-4-sulphonic acid is replaced by a hy- 
droxyl group, tho anti-complementaiy activity is still further reduced 
There was a marked contrast in the anti-complementary activities of 
basic fuohsin and acid fuchsin. 
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Swmmry 

The anti-complementary activity of dyes of the Congo red sprite 
appears to be dependent more on the molecular size of the rcactin; 
substance than on any specific grouping within the molecule. 

We should like to express our indebtedness to the Medical R(»carch 
for a grant-in-aid and to !Mr S. Ellingworth of I.C.I. Dyestuffs Ltd. for dft« 
of chemicals. 
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THE EFFECT OF AGAR DEPTH IN THE PLATE 
METHOD FOE THE ASSAY OF PENICILLIN 

AViiiiAM Hayes 

From the Central Military Pathological Laboratory, India 

Of the methods at present available for the assaj' of penicillin the 
plate teolmique is considered the most suitable for all general purposes 
since, unlike the dilution and turbimetric methods, it requires no 
special equipment or medium rvhicli is not readily available to any 
laboratory undertaking routine bacteriological work and involves 
the preparation of but one accurate dilution of the solution under 
teat. Many modifications of the method have been described (Foster 
and WoodruflF, 1944 ; .Sclunidt and Moyer, 1944 ; Heatley, 1944) 
and a brief but excellent review of the various teohiriques used is 
given by Garrod and Heatlej' (1944-45). When current techniques are 
employed for assaj’s demanding a reasonable degree of accuracy, a 
considerable number of plates must bo used for each estimation. 
Thus, the error of plate assays put up in quadruplicate by experienced 
workers is of the order of ±15-20 per cent. It has been shown that, 
in order to obtain an accuracy of ±7-5 per cent, by the Oxford 
method, sixteen plates must bo used for each assay, while eight 
plates are probably necessary if an accuracy within 10-15 per cent, 
of the tnie value is desired (Major S. T. Cowan, R.A.M.C., 2nd Interim 
Report to the Director of Pathology, War Office (restricted), September 
1944). In unskilled hands the error is likely to be appreciably greater. 

■ The object of the work here described was to investigate the plate 
assay method with a view to finding and controlling the factors causing 
variability. 

General details of technique used 

Test organism. Slaphylococcws (3^870 (source unknown) was used through* 
out the investigation. This strain showed a tendency to form a deposit wlien 
grown in standard nutrient broth hut this was not found to interfere with the 
results. Subculture was performed at intervals of not more than four days. 

Media. (1) Standard nutrient broth was prepared according to the following 
formula. 

“ Lemco ” meat extract . . 10 g. 

Peptone (Evans) . . . 10 „ 

Sodium chloride . . . 6 „ 

Water to ... . 1000 ml. 

After autoclaving and filtration the pH. was adjusted to 6‘S. The broth was 
dispensed in 25 ml. volumes into neutral glass, screw-capped bottles and re* 
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sterilised by autoclaving. Tliis stock was decanted ns required in 5 ml volury? 
into test-tubes and inoculated with a 2 nun. loopful of a 24-4S-liour I'rrtl 
culture of staphylococcus in tho same mediiun. Standard nutrient broth, 
constantly 3delded a -v-iable count of 100-150 million organisms jw ml. 
18-24 hours at 37° C. 

(2) Standard nutrient agar. The basis of this medium was standard niitri'nt 
broth wnth 2-5 per cent, agar fibre added, buffered with one-tenth its volimn 
of MI/lo phosphate buffer at pH 6-8. Tho^medium was prepared in bull an! 
dispensed in suitable volumes in neutral glass screw-capped bottlc=!. 

Stajidard penicillin solutions. Sub-standard barium salt was onlj- availab> 
during the initial stages of this work. Consequontlj' a stock standard soliitiori 
of 10,000 units per ml., prepared from a commercial (Lcderlo) sodium suit and 
standardised against the sub-standard by a dilution method in tubes, was iswl. 
From this stoclc working standards were made every 4-6 weelcs. All dilatiwi*! 
of penicillin were prepared in distilled water buffered at pH 0-8 and pro-crvel 
with cMoroform at 4° C. in neutral glass screw-capped container.?. 

Cylinders. These were of glazed porcelain, 5) mm. liighx7-5 mm. oxtrm.d 
diameter and bevelled from within outwards at one end. After u.=:o they were 
cleaned by washing, followed by boiling for from 5-10 minutes in 30 ^tor cent, 
nitric acid and further washing in running water. Sterilisation wn.s cfTccto! 
by dry heat at 140° C. 

Method of seeding. A pro-seeding technique was adopted, since svirfacc 
seeding during tho hot weather in the tropics was found to produce too high « 
contamination rate. It has been foimd that tho most clearly defmwl zon's 
of inliibition are obtained when tho concentration of staphylococci is npjiroxi- 
matelj' 260,000 per ml. agar. With concentrations much higher than this (h'» 
zone edges tend to become diffuse while with lower densities the colonics aru 
too discrete and accurate measurement of the zones becomes difficult. Ono' 
the correct dilution for any particular batch of broth has been found, tbi- 
dilution maj' be used for the rest of tlie batch without further counts provide 
the broth is stored in neutral glass bottles. 


Experimental findings 

There are many intrinsic .sources of error in the plate nietliiy? 
■vvliich are readily controlled. >Such factors are concentration o 
agar and its pH, density of the inoculum, the manner of sealing if 
cylinders to form a fluid-tight joint Avith the agar, and the con i ’on 
of time and temperature observed between the addition of 
to the cylinders and incubation. Roughly tho same volume.^ o 
should be used in plates of similar size. The effects of 
were worked out and the results were found to conform to the n n 
of others. However, after the condition-s of assaj* had been stan *' 
to eliminate these sources of error, approximately tlic same 
of variation betw'cen assay values occurred a.s had been noted e -e" 

Attention was draivn to tlie effect of small A'ariations 
depth by the observation that oval in.stead of 
inhibition occurred on a plate Avhose bottom xvas shg i ' 
inwards, the long axis of the ovals being extended 
of the plate where the agar Avas thinnest. It Avas decided ® 
in detail the effects of variation in depth of agar on the a a. 
given by A’arions concentrations of penicillin. 
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Plates 8S mm m cliametei, -nith bmootU flat floors of tlnclv glass 
ireie osed Agar was melted, seeded jn bulk and carefully measured 
volumes pipetted into plates m dupbeate so as to givo a senes of 
agai depths ranging from 0 5 to 10 mm _ Precautions were taken 
to ensure that the plates wore level duniig pounng Pcnicilhn in 
concentrations of 4 0, 3 0, 2 0, 1 0, 0 5 and 0 26 umts per ml was 
pipetted into oylmders arranged penplicrally on each plate After 
45 minutes at 4° C the plates were meubated Assay values were 
measured after 18 hours at 37° C Results are shown in fig 1, in 
which ranations in assay lalue for different concentrations of 
pemcillin are plotted against agat depth This experiment was also 
earned out in qiiadniphcate using a different batch of agar, with 
similar results 

It will bo seen that for each concentration of penicillin, once the 
agai falls below a certain depth, which is greater the lugher the 
concentration, the oune winch had previously been parallel to the 
abscissa begins to rise and the more shallow the agar the steeper 
this rise becomes Moreover, ns the concentration of pemcilhn 
decreases, the upward sweep of the curve from the horizontal becomes 
increasingly abrupt and steep The behaviour of these curves may 
bo explained if it is supposed that pemedhn diffuses through the agar 
roughly in the form of a heratsphere When the depth of agar is 
greater than the radius of sigmflcant diffusion for any given ponioilhn 
concentration diffusion will occur freely and no alteration in the 
surface zone of mlubition will be expected for any additional increase 
in depth It has been demonstrated that the assaj values of 3 0, 
2 0 and 1 0 umts of pemcilhn per ml do not alter when 40 mm 
depth of agar is used instead of 8 oi 10 mm If, however, the agar 
depth becomes less than the radius of maximum sigmflcant diffusion, 
free diffusion downwards will be impeded and the pemcdlm displaced 
outwards, thus increasing the assaj value Moreover, for any given 
change in agar depth we would expect a proportionately greater 
esaggciation of the small zones produced by the lower pemcillm 
concentrations than of the zones resulting from higher concentrations, 
oneo the bottom of the plate has begun to impinge on the sphere of 
effective diffusion Reference to fig 2 will make this clear The 
diffusion of three strengths of pemcilhn is represented “ A ” 
diffuses to a depth of 2 mm , " B ” to 5 mm and “ C ” to 10 mm 
A decrease of 1 mm m a depth of ogar just equal to the radius of 
diffusion w ould displace rather less than one half of the pemciUin 
diffusing from " A ”, less than one fifth of that from “ B ” and less 
than one tenth of that from “ C ” This example presents a rather 
gross simplification of what must actually happen, smeo the concentra- 
tion of penicillin is rapidlj' dimmishmg as it diffuses away from the 
oyhiider, a fact that would tend to compensate the effects desenbed 
Again it will bo seen that with certain depths of agar the assay value 
of higher concentrations maj be exaggerated while those of lower 
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concentrations remain unaffected. In fig. 2 if the deptli of agjr 
lay between 5 and 10 mm. the assay value of “ C ” wotild !v 
exaggerated wliile those of “ A ” and " B ” would not. 



Fic. 1. —Effect of depth of ngnr on penicillin n'sny value. 


The plate assay values of penicillin, tlierefore, maj 


i- he rr? 


.Mnlc<! 


1 A 


(!mn 


as 


Tne piaie assay values ui Ic.si; . 

remaining constant until the depth of agar ^ c _ jj 

decreasing tiepui 


significant radius of diffusion, but a 


OF PESlOltLIN 


m 

limit exaggerates the true value more rapidly as the concentration of 
penicillin diminislies. Examination of %. 1 shows that for any given 
penicillin concentration the assay value begins to increase at agar 
depths considerably in excess of the demonstrable radius of diffusion 
as given by the formula . . 

Assay value — diameter of cylinder 
2 

It must be remembered, however, that penicillin continues to diffuse 
beyond the point at which it just inhibits the growth of staphylococci. 


tMM 
/MM 
/MM 

Flo. 2. — ^Diffusion of Uireo strengthi of pentcillm m 10 mm. depth of flgar. 

Two important principles emerge from these considerations. The 
first is that the depth of agar used in the plate assay method is a 
very important factor in determining tesnlte •. the second, that the 
true relationship between ponicilUn concentration and assay value 
can only bo expressed by curves prepared from assays performed on 
deep agar. 

The probable error introdneed by email differences in the 
depth of agar in assay plates 

This error can bo gauged from any curve in fig. 1, which shows 
that, for agar depths greater than 7-8 mm., variations in depth do not 
affect assay values significantly for pcnicillm concentrations of 2-0 units 
per ml. or less. Much smaller depths have been used by other workers. 
The Oxford method (Heatiey, 1944) gives a depth of approximately 
2-7 mm., Schmidt and Moyer’s method (1944) approximately 3-2 mm., 
Foster and Woodruff’s method (1944) approidmately 1-7 mm. Fig. 1 
shows that at these agar depths small variations result in big changes 
in assay value. Thus a variation in depth of 0-2S mia. in a plate 
of 2'0 mm. mean depth gives the following approximate variations 
in assay value : 0-05 mm. for 2-0 units, l-O mm, for one unit and 
1-2 mm. for 0-5 units per ml. The significance of these variations 
may be assessed from fig. 3, drawn from the same data as fig. 1 but 
relating assay value to penicillin concentration. For the curve 
corresponding to an agar depth of 2-0 mm. these assay value varia- 
tions give a variation in the estimation of penieilb'n concentration of 
approximately 24 jicr cent., 20 per cent, and 12 per cent, for 2-0, 
I’O and 9-5 units per ml. respectively. The del rease in final error for 
decreasing strengths of pcnicillm, in spite of the greater absolute 
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variation in assay value as the penicillin concentration becomes less 
is due to the over-compensation produced by the progressive steepness 
of the curves in fig. 3 for lower concentrations. 

A variation of 0-5 mm. in the depth of agar on a plate is impossible 
to appreciate with the naked eye. There are three ways in which 
such variation may occur. (1) Deviation of the floor of the plate 
from the horizontal during pouring. The calculated deviation required 
to produce a 0’5 mm. variation in a 100 mm. plate is rather less than 



0-3°. (2) By slight irregularities in or divergence from a p ane ® 
of the floor of the plate. (3) By slight displacement upwar o 
within the cylinders as these bed down a little after heating. 

It seems probable that small and unnoticed 
depth form the greatest intrinsic cause of error in the 
method. Two methods of overcoming this ‘ jgljcate 

use of plates with flat, plate-glass floors, together wit daring 

levelling device to maintain the plates on a Thi= 

pouring. (2) The use- of agar in depths of about 
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method is the simpler and more practical of the two and was found to 
have an additional advantage over shallow agar in that the surface 
growth of pro-seeded staphylococci was much more luxuriant and 
the clarity of inhibition zones correspondingly enhanced. 


F^commenrJcd procedure jor plate aesay 
Standard nutrient agar is xneltad and poured into the required number of 
plates to give a deptli in eacli plate of about 8 ram* ; 88 ram. plates require 
About 50 ral., JOO ram. plates about C5 ml. of ngar. Poxiring can best be done 
with a 100 ml. measuring cylinder. The plates are allowed to set. One to H 
hours before the time of assay tlie plates are placed on a board fitted with 
wooden runners separated by a widtli slightly greater than that of the plates 
And of such a height that the lids arc lifted about \ inch above the level of 
the plate walls while still allowing considerable overlap between the aides of the 
lids and plates {fig. 4). The plates oro placefl in the incubator at 37® C. For 
every assay plate to be put up, 4-5 ml. of standard agar are now melted, cooled 
to 45-48® C. and seeded ivith the correct dilution in saline of staphylococcus 
broth culture. The prc-sceded agar is well mixed by shaking and left in the 
water-bath at 45^ C. for a few minutes to allow bubbles to rise to the surface. 
The plates are now taken out of the incubator two at a time. About 3 ml. of 
pre-seeded agar H pipetted on to each, spread quickly over the surface by 


. Pi ATS 

jC— 


Pc/t/z 




* 3o^jze> 

pro. 4.-- Method of supporting lids of deep agar plnlc'?. 


rolling and then run off into disinfectant by holding the plate upside down afe 
an angle, followed by a few brisk shakes, when the agar begins to foil in drops. 
Tlie lid is put on and the plate quickly returned to tho bench to set. The plates 
are then placed over a template, the lids propped up and the oylinders, after 
heating slightly by passing two or threo times through a bunsen flame, dropped 
on tho surface over tho points marked on tho template. The degree of heating 
should preferably be such that only the faintest Jiiss is board when the cylinder 
makes contact with the agar. Results have shown that careful standardisation 
in tho heating of the cylinders may b® ignored with deep agar, although atiU 
an important factor when levelled shtUlow agar plates are used. As each plate 
is completed it is returned to the board and the lid placed over it, resting on 
tho runners. 

The next stage is the addition of standard and unknown penicillin dilutions 
to til© cylinders. Tljis is done with a eterilo Pasteur pipette which is rinsed 
in boiling water botweon tho addition of on© dilution and tho next. It is 
desirable to fill the t^linders to tho top. If less than about 5 drops of penicillin 
are added the size of the assay value decreases. Plates are then transferred to 
tho refrigerator for 45 minutes {or any other standard time) and thereafter to 
tho incubator. Tho following morning the zone diamotera are measured with 
a pair of sharp-pointed dividers and tho assay values read off on a millimeter 
scale. V 

The following ahould bo noted. 

{!) Tho test organism most widely used is Staphylococcus no. C57I of tho 
National Collection of Type Cultures (England). Foster and Woodruff favour 
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a sensitive strain of B. subtilis and, especially when a pre-seoding teoliniquD is 
adopted, a spore' suspension offers great advantages in the ease with which the 
inoculum can be standardised. Very clean-cut zone margins is another 
advantage claimed. It has recently been shown that penicillin consists of 
tliree active fractions termed penicillin I, II and IH (F, G and X in American 
nomenclatxue). The greater proportion of the activity of modem commercial 
preparations is due to penicillin II, while penicillin IH is not present in 
significant amounts. Since Staphylococcus 6671 and its American counterpart 
are the only organisms Imown to be equally sensitive to penicillins I and H 
and since the object of assay is the assessment of therapeutic efficacy it 
has been recommended that, in the present state of our knowledge, these 
staphylococci should be the organisms of choice for .assay purposes. The 
Intemational Penicillin Standard now adopted is prepared from penicillin II. 
the Intemational Unit being 0-6 microgram of the pure sodium salt (16C6 units 
per mg.). (See “ Report on the Intemational Conference on a Standard and 
Unit for Penicillin, October, 1944 ”, held imder the auspices of the League of 
Nations Health Organisation.) 

(2) The seeding technique recommended combines the advantages of pre- 
seeded agar with the clarity of zone definition given by surface seeding with 
broth culture, but has not been found to produce any variation in assay value 
such as Heatley (1944) described as occasionally occiuring in the quadrant 
from which excess broth culture is withdrawn in his method. The depth of 
pre-seeded agar given by the method described is just over 0-1 mm. Pre- 
seeded agar in greater depths (0-5 mm. or over) has been foimd frequently 
to produce rather diffuse zones with the liigher concentrations of penicillin 
used and sometimes, with lower concentrations, two clear-cut zones of 
inhibition, the outer on the agar surface and the inner just below the surface, 
where staphylococcal growth still yields a definite turbidity. 

(3) The use of the board (fig. 4) is threefold. Firstly, it prevents water 

condensation on the plate lids ; secondly, it raises the lids sufficiently to allow 
head-room for the cylinders resting on the deep agar when plates of common 
pattern less than 20 mm. deep are used ; thirdly, by aUowing evaporation, mo 
tendency towards the formation of surface moisture by the “ sweating o 
deep agar is counteracted, with the result that a luxuriant but dry surface 
growth is obtained after incubation. „ 

(4) The usual concentrations of standard penicilb'n employed are S-O, 
and 0-6 rmits per ml. With deep (2-6 per cent.) agar the assay value o 
unit per ml. is very small and difficult to measme without removing 
cylinder from the plate : 0-76 unit per ml., however, gives an uosUyjucnsiOT 
zone. A standard range of 0-75, 1-0 and 1'6 units per ml. or 0'/6, 

3-0 "units per ml. might constitute a more suitable series. Alternativelj, >g? 
zones would bo given by refrigeration for a longer time prior to incubation. 

(5) Two alternative methods of sealing the cylinders have been tnet. 
one, 1"6 per cent, pre-seeded agar was used and the cylinders simply p 

its surface. Considerable variation and distortion of zones occurred ^ 

leakage. In the other method the cylinders were laid on the 
and fixed by the addition to them "with a standard pipette of 
molten agar. Approximately double the concentrations of poniciUm 
he used. Tlie amount of variation in assay value between plates was e;S 
that given by heat fixation when shallow agar -was used hut grea er i 
case of deep agar. 

Comparison of results of deep and slialhiv plate methods 

A series of 50 consecutive assays was carried out by both 
not more than 10 assays by each method being put up on auj 
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<lay. The deep agar technique was that described aboro, 88 mm. 
plates with flat plate-glass floors being used. For tho shallow method, 
12 ml. of pro-seeded agar were carefully measured and pipetted into 
similar plates, giving a depth of 2 mm. Both aeries of plates were 
poured on an approximately level glass-topped table. All other stages 
of assay were identical. Five concentrations of penicillin, 2'0, 1-25, 
1-0, 0-76 and 0-5 units per ml., were employed. For purposes of 
statistical assessment of error the 1-25 and 0-75 unit per ml. values 
were regarded as " unknowns ”. 

For the statistical analysis of tho results obtained I am greatly 
indebted to Major D. A. IC, Black, B.A.M.C., and Mr C. K. Dilwali 
Assessment of error for deep and shallow agar methods was worked 
out for assays in duplicate. The data from wliich tho limits of accuracy 
were worked out were tho penicillin concentrations estimated by 
interpolating the assay values of tho 1-25 and 0-76 concentrations of 
penicillin on the curve of the 2-0, 1-0 and 0-5 units per ml. concentra- 
tions for plates in duplicate. The results of statistical analysis are 
given in the table. 

TAB1.E 

Stalislical nnalt/sta of oasay rmiUs 


1. Vonobility of oasay values for pomcinm concentrationa of 2 0, 1 0 and 
0 5 units por ml 



ilean tram > 

lUnge (mm ) 

StADil&rd 

Coefllclestof 
vsrUUati 
Crwr cent ) 









±0 6G 

2 7 


17 0 

1C 0-19 75 


3 7 


12 8 

11 C-U 0 

±0 50 







15 ft 

150185 

iO 85 

'> 


U 6 

10 6-12 76 

±0 30 

3 4 


8 i 

8 0-00 

±0 35 

4 2 



2. Error of roauita for assays earned out m duplicate 


Standard ileviatlDn (onlta) 1 

(units) 

CoclOclMt of >«TL»t5on 

Dmits 
of accuracy 
<iwr cent.) 
(i' - 0 03) 

Oxford method 




(Garrotl and Heatley, 1944-43) 


0 0 for 

quadruplicate assays i 

i24fl 

Shallow agras' (lo%cnod plates) 



0 76 nn»ts/ml ±0 081 

0 77 

*10 r> 

±21 17 

1 23 „ „ ±0 091 

I 20 

•7 0 

±14 20 

Deep agar 



0 75 uniU/ml ±0 035 

0 78 

•4 5 

! 4-9 26 

1 25 .. „ ±0 057 

; 129 

*4 44 

±8 94 


• Tti'* rwffictent of variation values for decji and ihallou apir mctliods (inoted nbovc are calcidited 
Com the theoretical mean of 0 7S and 1 20 unite ml mpcctltely and not from the nclual mean 
lotnui or pitii —rot irii 2 1 2 
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The revised, figures for the limits of accuracy of the Oxford method 
are ±17-6 and ±24-9 per cent, for assays in quadruplicate and 
duplicate respectively (Garrod and Heatley, 1944-45). Tor the same 
value of P(= 0-05) the accuracy of assays carried out in duplicate 
by the deep agar method is ±9-15 per -cent, for 0-75 unit per ml. 
and ±8-94 per cent, for 1-25 units per ml. That for duplicate assays 
by a shallow agar method using special plates and a reasonably level 
table for pouring is ri;21‘17 per cent, for 0’76 unit per iri. and 
±14-26 per cent, for 1-25 units per ml. concentration of penicillin. 


Summary aiid conclusions 

1. The relationship between depth of agar and assay value for 
various concentrations of penicillin in the plate assay method is 
demonstrated. 

2. Very small variations in agar depth are shown to exercise a 
marked effect on the assay value when the mean depth of agar is 
small, but this effect disappears when deep agar is used. 

3. A method of assay employing deep agar plates is described in 
detail. 

4. The accuracy of this method is shown to be markedly superior 
to that of other methods hitherto described. 

My thanks are due to Capt. Leela Lai, I.A.M.C., for assistance in this vork, 
to Lt.-Col. B,. N. Phease, B.A.M.C., for advice and criticism and to the D.M.S., 
India, for permission to publish this paper. 
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Alif EXPERIMENTAL APPROACH TO THE 
PROBLEM OF TRAUMA AND TUMOURS 

B D PoLLnCGER 

Fjom /Jtc Laboratories of the Imperial Oaticer Beeearch Fund, London 

The relationship, m hether causal or fortuitous, of trauma to tumours 
m human pathology remains debateable (Evnng, 1935 , Schmid, 
1936 37 , Behan, 1939 , Berenblum, 1944) It can sometimes be 
estabhshed vnth certainty that simple injury in the form of a surface 
blow, bum or penetrating wound preceded the groirth of a tumour 
at a particular site The problem then resoli es itself into a discussion 
whether the injury caused the tumoiii or whether the association 
was due to chance Certain critena were suggested bj Emng and by 
Schmid in debating this problem All common o\pciionce and 
experiments — ^for example those of Marsh (1917) — m iiliioh injuries 
of various kinds operate alone without causing tumours make it 
certam that simple iincompUoated trauma does not cause cancer 
Injections of non specific chemical substances, on the other hand, 
are often effective, for example light green into rat subcutaneous 
tissues {Schiller, 1937), hydrochloric acid in acid potassium phthalato 
in mice (Suntzeff et al , 1940) and zinc chloride into the testicles of 
adult roosters (Michalowsky, 1928, 1929 30 , Bagg, 1930) More recent 
work suggests that another approach to the problem might be made 
by assuming that other factors also play a part In the jircsent 
paper the combmed action of simple injury and of a known carcmogcrao 
agent 13 considered and put to the test The assumption of the 
intenention of a hypothetical caremogemo agent prior to injury has 
this justification Cancer producing agents are known to exist outside 
the body (for example tar, shale oil and radium) and it is not im- 
probable that others are made within the body itself The conversion 
of the natural substances desoxycholic acid and cholic acid into 
raethylcholanthreno bj simple chemical transformation provided 
Cook H al (1937) with grounds for flunking that similar changes 
might occur in vtvo Search in various tissues and body fluids for 
naturally occurring carcinogenic compounds led to the extraction 
from the liver of a product which caused sarcomas on injection mto 
mice (Berman, 1935 36 , des Ligncris, 1936 , Solmbad, 1937 , Hieger, 
1940) That identical or similar substances are free to act 111 hfe has 
not yet been proved, but the possibiUty exists and the assumption 
vet 
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of action by some undetected exogenous agent seems not to be outside 
tile reaZm of probabiKty. 

It is loiown that -wound healing combined with the application of 
tar may localise tumours at the site of healing in mice (Deelman, 
1923-24; PuIIinger, 1943, using synthetic chemical carcinogens); 
the combined action may even increase the number of tumours three- 
fold at the wound site beyond those that grow elsewhere in the 
treated sldn of rabbits (MacKenzie and Rous, 1 941). This experimental 
association again affords a basis for suggesting that those human 
tumours wliich are preceded at a particular site by injury are in 
part due to the action of some undetected extraneous or endogenous 
carcinogenic agent. The injury might then act, as Mackenzie and 
Rous have suggested, by stimulating latent neoplastic change. Yet 
even if these assumptions are proved true — ^that a carcinogenic agent 
may in fact intervene and the cells so affected lie latent until aroused 
to proliferation by added injury — ^the human problem is not therefore 
necessarily solved. In almost all the experiments using combined 
lesions every animal developed tumours at sites other than the one 
subjected to the action of both agents. The human problem is not 
one of site but of incidence. The information required is whether the 
individual’s chances of developing even a single tumour are likely 
to be increased by simple injury above those due to the hypothetical 
cancer-producing agent acting alone. That this is the particular 
human problem may be illustrated by reference to occupational 
px-e-cancerous conditions such as X-ray dermatitis. Efforts are 
always made to protect the affected part, yet it is not doubted 
that tumours may arise there quite apart from any added injnrj. 
What is unknown is the measure of the added risk of a singe 
unrepeated injury. 

In certain experiments in -whicli agents other than mechanical trains 
wore combined ■with synthetic carcinogenic compounds, a 
incidence among the animals at risk appears to have been found. 'tmeat 

and Corbellini (1936) raised the incidence of skin tumoms hi mice h}- ea 
with 1 : 2 ; 7 ; S-dibenzacridin combined ivitli three successive bums ® ^ 
same spot. Three out of seven mice bore localised tumours. Two more u 
probably occurred on bums, though this is not exactty stated. oj'S 
control unbumt animals there was one doubtful tumour onlj. ‘ 
incidence was raised. , '"fa vfiy 

Tumour incidence was apparently raised bj' the combined action o 
dilute solution (0-05 per cent.) of benzpyrene in acetone used otco pf 

croton oil resin dissolved in acetone (Berenblnm, 1941) Tlio 
tumour -bearing mice increased from a maximum of 6-5 „ -eel's. 

croton resin to 80 per cent, ivith it, in an observation period ^ jjjg 

In an experiment recorded later (exp. W ; fig.) was foun ' _pne 

mice were kept alive beyond this time, 38 out of 39^ treated ivi i 
alone did eventually develop tumours. There was, it is true, an a 
— an act of scarification and an excision — but in 25 out of 'cso 
were no localised tumours at either site. Tlius the scarification gj on 

did not stimulate these 26. Of the 13 titmours I'hic 
wormded areas, only five arose there first before others were s 
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Thus 33 out of 38 first tumours (86 per cent ) cannot bo ascribed to anythmg 
but tbo very dilute solution of benxpytone 

Tho effect of the croton resin m Berenblum’s experiments was to reduce the 
latent period, but owmg to the limited pcnod of observation it is less certain 
that it mcreased tumour mcidence SiHula.rly IChue and Rusch (1944) allowed 
only a 24 weeks’ observation period m a comparison of sl-un paintmg of mice 
^\lth methylchoTanthrene alone for 16 weeks and methylcholanthrene for the 
same period followed by croton oil resin Tlio results ns stated prove only that 
croton resin hastened tho tumour incidence They do not prove that total 
mcidence vi’ns increased though it maj have been 

Expt IV (fig) of the present paper suggests that v\hen higlily active 
carcinogenic chemicals are used in doses below the optimum for tumour 
production bj those substances, a dosage range may be reached which merely 
delays the appearance of tumours without reducing tbo total incidence 
possibility needs to be considered when judgmg the effect of the combmod 
action of several agents Better proof of an actual merease m mcidence as 
well as a reduction m the latent period waa provided by Mottram (1944) He 
obtained no tumours in six mice treated successively with croton oil and a 
smgle application of benzpyrene (0 02 o c of n 0 03 per cent solution), 8i3t 
tumours m five out of six mice treated succcssivelj with one application of 
benzpyrene and then with croton oil for 20 weeks, and 26 tumours m six out 
of six mice treated in succession with croton oil, benzpyrene (one opplication 
only), and then croton oil for 20 weeks A smglo application of benzpyrene is 
meffeotxve m produemg tumours, so that the combined treatment must have 
been responsible for this high mcidenco 

Another stnlcmg example of the ability to cause tumours by the combmed 
action of two agents, neither of which is effective alone m so low a dosage, is 
provided by the work of Lacassagno and Vmzent (1929), Lacassagne (1983) 
Burrows ci al (1937) and Burrows and Clarkson (1943) These authors produced 
foci of mflammation m the subcutaneous tissues of robbits by injections of 
streptococci, dmtomaceous enrtb ot powdered silica and exposed them to 
single doses of COO r of X rays A large proportion of all the rabbits developed 
sarcomas at the sites of injection Burrows and Clarkson failed to produce 
tumovirs with this dose of radiation alone and found that, m the combmations 
of agents and doses used, 600 r was the mmimum effective dose 

The experiments now to be recorded v\ere undertaken to determine 
wlietlier a single act of mechanical injury in the form of a skin 
excision had the poiier to increase the effectiveness of certain 
carcinogenic chemical compounds as measured by tumour incidence 
In companson ^vith the two previous examples of combined action, 
namely benzpyrene and croton oil, and X rays and sihca, wound 
healing had little stimulating action 

Before describing these expenments it is necessary to recall the 
observations of Orr (1938, 1940) of widespread and focal alterations 
in the dermis consisting in the formation of fine fibred non. refractile 
collagen, fibrosis and scars, and also of focal gaps in elastic tissue 
after paintmg mouse skin with carcinogenic chemicals The more 
potent tho agent in producing tumours the more rapidlj do all these 
alterations occur Orr claimed no peculiar relationship between 
tumour formation and these widespread changes, but he considers 
that focal fibrosis or scars and defects of elastic tissue have specific 
importance If these changes are in fact imanablj’^ present as the 
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result of the application of specific chemical substances, then it may 
be argued that, whether one adds a mechanical injury of set purpose 
or not, some kind of destructive inflammatory lesion in the dermis 
does always precede tumour growth. 

To test the constancy of this occurrence, very young papillomas 
which had been produced with 2-methyl-3 : 4-benzphenautlirene 
dissolved in acetone were removed, together with surrounding 
as soon as they were noticed and after killing the mice. The tissues 
were fixed in absolute alcohol and sections stained by Weigert’s 
method for elastic fibres and by Weigert’s iron haematoxylin and van 
Gieson’s stain. This carcinogenic chemical has an average latent 
period of 165 days and yields tumours in 75 per cent, of mice (Iball, 
1939). Little gross damage was caused dirring application. Sixteen 
of the papillomas which appeared were suitable for examination of 
the dermis because they had not yet become invasive. In ten no 
defect or gap in the elastic fibres was seen ; in six there were either 
gaps or defects consisting of isolated short lengths of fibres or little 
masses of curled fibres. All these papillomas had dilated blood vessels 
at their bases. There was slight proliferation of connective tissue cells 
and fibres supporting the vessels of supply. Nothing more than 
could be accounted for in this way and no evidences of former 
destruction were seen at the base of most of the yoimg papillomas, 
either in this experiment or in others in which non-destructive solvents 
and concentrations of carcinogenic agents were used. Altliough 
destructive inflammatory lesions in the dermis sometimes occur, they 
are not invariable or essential to the growth of papillomas nor arc 
they specific for all carcinogenic chemicals. 

Experimental observations 

The agents combined witb simple mechanical injury in the pre=enfc 
experiments were the following ; {a) a carcinogenic chemica 

medium potency, (5) a carcinogenic compound of low potencj , (c) a 
single dose of a Ifighly active carcinogenic compound, and {d) a ^cry 
dilute solution of a highly active carcinogenic compouiid. 

The potency or activity of the chemicals was judged J 
proportion of animals which developed tumours when subjec e 
their action alone and not by the brexdty of the latent perio . 
rate of induction of tumours is influenced by many factors 
the nature and dose of the carcinogenic chemical, some ’ 

example the solvents (Crabtree, 1940a), some probably 
■the existence of which may be suspected from the observa i 
Crabtree (19405, 1941). Incidence was judged to be 
a single excision of skin if a tumour occurred at the site o f 
and nowhere else on that mouse. The methods used were si 
those previously described unless otherwise stated (P’" male 

E^t. A.I. 1:2:5: Q-Dibenzanthracene. Twenty-five yoimo^ 
Simpson mice were used. An area A, approximate y 
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diameter, was tattooed and tlie skin %vitliin it excised. After an 
interval of 2-4 weeks, which varied according to the rate and complete- 
ness of healing, painting was begun ^vith a 0*1 per cent, solution of 
1:2:5: 6-dibenzantliraceno in acetone. Three consecutive applica- 
tions were made twice weekly because tliis compound is not soluble 
in acetone up to 0*3 per cent. Olive oil was applied when the skin 
became scaly. During the fiftli inontli of treatment another area B, 
of the same size, was tattooed and excised. A pause was made in 
the painting to allow B to heal. Painting w^as then continued to the 
ninth month. Each mouse was numbered and records were made 
of all the tumours wliioh appeared on A or B or elsewhere. JGcroscopic 
sections were made of all tumours, which were excised soon after they 
were seen. 

BesuU. Twenty-one mice survived both excisions and 20 lived 
for nine months after the beginning of treatment. Fifteen mice 
developed tumours outside the tattooed sites. A papilloma appeared 
on the scar of the first excision (A) of one mouse only and nowhere 
else on the treated skin. Papillomas and sebaceous adenomas arose 
on areas A and B of five other mice but all five bore tumours else- 
where. The number of tumour-bearing mice was thus increased by 
one only, from 16 to 10 out of 21 (table). 

Table 


EJfcct of added trauma on tumour incidence 


Chemical compound applied 

No. oT 
Tolce 
used 

No. alive for 
average latent 
period 

No. of mica 
bcarlns ttunoon 

Increase 

outaldo 

ecaiB 

on acars 
only 

duo to 
wounds 

Optimum doso of a weak carclnogon : 
6-ZD6tliyl-l : 2*bonzanthrnccne. Expt. 
A.n 

31 

19 

2 

0 

0 

Optimum doso of n carcinogeu of 
medium activity; 1:2:5: O-dibenz- 
nnthrnceno. Eipt. A.I 

Single dose of a highly active carcino- 
: mothylcholanthrono. Expt. B. 

2C 


16 

1 

1 

ting. 

GO 

28 

(for 12 mths.) 

2 

0 

0 

1 nig. 

48 

45 

(for 0 mtlis.) 

1 


0 

6 mg. 

48 

4G 

(for 10 mtlis.) 

M 

1 

1 

Small repeated doses of a highly active 
carcinogeu: benzpjTcno 0-05 per cent, 
in acotono. Espt. TV 

40 

30 

38 

0. 

0 

Optimiun doso of a potent, rapidly 
acting carcinogen : 5:0: 10-tri- 

mothyl-1 : 2*beaznnthracono. Expt. 
rt (Pullinger, 1043) 

30 

30 


4 

4 
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(1941). By weeldy painting with a 0-05 per cent, solution of bm- 
pyxene in acetone Berenbhnn reduced the incidence of tumours in 
three trials to 6-5 per cent., 3 per cent, and nil respectively, in a test 
period of 20-22 weeks. This low yield was raised to 80 per cent, by 
the combined action of croton resin. The observations did not e.xtend 
much beyond the 22nd week as a rule, but otherwise the conditions 
of his and the present experiments appear to have been comparable 
up to the time when excisions were begun. It may be argued tliat 
from then on the excisions exerted a stirdulating effect and tlius 
increased the total tumour incidence. Brom the figure, liorvevcr, 
it will be seen that six papillomas occurred on the scarred areas A, 
and of these two were the first to appear on the mice that bore them ; 
7 papillomas appeared on the scarified areas B, of which 3 were tlie 
first to appear. If the element of chance is excluded for tlie purpose 
of the argument, wound lieahng localised and may have stimulated 
the 5 tumours which appeared first, leaving 33 to be attributed to 
the action of benzpyrene alone, that is 82 per cent. Brom the records 
of another experiment in which the same treatment rvith 0-05 per cent, 
benzpyrene was given but in which only one excision was made in 
each mouse and the tumours w'ere left to develop, a similar result 
was obtained. Sixty-one out of 62 mice developed papiUomas and 
carcinomas, only 6 of which appeared before the 21st week. Ten 
of the 61 appeared first on the scaiTed or scarified sites, leaving at 
least 51 to be accounted for by the action of benzpyrene alone, that 
is 65 per cent. It was tliis Mgh incidence wliich led to a repetition 
of the experiment, taking all the precautions mentioned in expt. V! 
against concentration of the solution by evaporation. 

As previously reported (Pullinger, expt. II), a liighly active 
carcinogenic substance, 5:9: 10-trimethyl-l : 2 -benzanthracene, uas 
combined with wounding. The incidence of tumours due to tu» 
substance was originally given as 66 per cent. (Badger c( al, 1- )• 
In expt. II, quoted above, it wms found to be 74 per cent., no 
possibly to early excision of papillomas which might subsequen } 
have regressed in accordance with aU experience of the use o u» 
compound. In addition 4 mice out of 30 developed papillomas on 
scars and nowhere else on the treated skin. These were left to c c\ e op 
and become established. They increased the incidence from 
26 out of 30 mice or by 13 per cent. — ^the largest rise yet encoun ere . 


Discussion 

Tumours are readil 5 >- produced in rabbits by the combined j. 
of two agents, one carcinogenic but used in a dosage wine i ^ , 
would be ineffective, the other non-carcinogenic ^ 
Lacassagne and Vinzent ; Buitows et al . ; Burrows an ^ ar ^ 
The combined action of repeated bums of the 
carcinogenic agent of low potency’’ was also very effeetn o 
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ore nnd after a single dose of 
. tumour incidence far nborc 
one, for in tho experience of 
;ram). In all these examples 
either repeated (burns, croton 
ion). 

indicate that single acts of 
ot very effective in stimulating 
Is previously treated with a 
; rise was 13 per cent, when 
r an optimum period of time, 
occur in nature than in tho 
ell nohieved a more likely set 
an 1 per cent. It is possible 
. for an enquiry of tills nature 
me nevertheless the proved 
hemioal carcinogens makes it 
swer to this question. These 
nts (unpublished) in wliioh a 
and multiple wounds, suggest 
VO than single injury. This 
alts of those who have made 

means — bums, siibcataneons 


Simple trauma in the form of a single excision of sldn combined 
with the previous application of a carcinogenie chemical increased 
the risk to tho individual animal of developing a tumour by less 
than 1 per cent, when the carcinogenic stimulus was slight and by 
1 3 per cent, when it was by itself a very strong one. 


Tho majority of tho carcinogenic chemicals used were kindly supplied by 
Professors E. L. Kennaway and J. W. Cook nt an earlier date. 


BBFERENCES 

Bapoeb, G. M., Cook, J. W., 1940. Proc. Pof/. Soc. B, csxix, 439. 
C. L., Kkjtnaway, 

E. L., Kennaway, N. M., 

Martin, R. H., Robinson, 

A. M. 


Bagg, H. j. . . . , , . . 1030. vlmer. J. Cancer^ xxvi, G9, 

Behan, R. J 1039. Relation of trauma to now growths : 

medico-legal aa 2 >ects, BaUimorc. 

Berckblttm, 1 1941 . Cancer JitBtardi, h U. 

,» 1044. .drc?«. Paih,y xxxviii, 233. 

Berman, C 1936-30. S. African J. Med. Sc%., i, 12. 


Burrows, H., akp Clarkson*, 1943. Brf/. J. J?ad{oL, x\i, 381. 
J. R. 



476 


B. D. PULLINGEB 


Bubrows, H., Mayneord, W. V., 
AND Roberts, J. R. 

Cook, J. W., Haslewood, 
G. A. D., Hewitt, C. L 
Htf.ger, I., Iaennaavay”, E. L 
AND JIayneord, W. V. 
Crabtree, H. G 

J> • • • • 

* • . . 

Deelm AN, H. T 

Ewing, J 

Hieger, I 

Iball, j 

Kllnb, B. E., and Rtjsch, H. P. 

Lacassagne, a 

Lacassagne, a., and Vinzent, R 
DES Ligneris, M. . . . . 

jSLacICbnzib, I., AND Rons, P. 

SIarsh, C 

Michalowsky, I. . . . . 

•> « • • • 

AIider, G. B., and Morton, J. 

Mottraji, j. C 

Orr, j. W 

>> ...... 

Pdllinger, B, D 

Bondoni, P., and Cobbellini, a 

SCHABAD, L. M 

Schiller, W 

Schmid, B 

SuNTZEiT, V., Babcock, R. S 

AND LoEB, L. 


1937. Proc. Roy. Soc. B., cxxiii, 213. 
1937. Amer. J, Cancer, xxix, 219. 


1940a. This Journal, li, 299. 

1940&. This Journal, li, 303. 

1941. Cancer Research, i, 39, 
1923'24. Z. Krebsforsch., xxi, 220. 

1935. Arch. Path., xix, 690. 

1940. Amer. J. Cancer, xxxix, 496. 
1939. Ibid., XXXV, 188. 

1944. Cancer Research, iv, 762. 
1933. O.R. Soc. biol., cxii, 562. 
1929. Ibid., c, 249. 

1936. S. African Med. J., x, 478. 

1941. J. Exp. Med., Ixxiii, 391, 
1917. J. Cancer Res., ii, 427. 

1928. Arch. path. Anat., cclxvii, 27. 
1929-30. Ibid., cclxxiv, 319. 

1939. Amer. J. Path., xv, 299. 
1944. This Journal, Ivi, 391. 

1938. This Journal, xlvi, 495. 

1940. Lancet, i, 1143. 

1943. This Journal, Iv, 301. 

1936. Tumori, x, 106, 

1937. C.R. Soc. biol., cxxiv, 213, 
1937. Amer. J. Cancer, xxxi, 486, 
1936-37, Z. Krebsforsch., siv, 113. 
1940. Amer. J. Cancer, x.xxix, 66, 



SHORT ARTICLES 


616—001 : 616 — 006 — 021 . 6 

A JIEASURE OF THE STBIOHATING EFFECT OF SUtPLE INJURY 
C05IBINED IVTTH CAECINOaENIC CHEIHCALS ON TUSIOUR 
FORIIATION IN MCE 


B. D. PtrixiMGEU 

From the Laboratories of the Imperial Cancer Fcseareh Fund 

A suggestion has been made that during tho course of skin painting with 
tar or other carcinogenic compounds many more colls become cancer cells 
than ever develop into tumours unless they receive a further stimulus to make 
them multiply. This further stimulus may be entirely non-specific in the sense 
that, acting alone, it never produces tumours (MacKenzie and Rous, 194:1). 
Latent cancer cells capable of forming tumours were aroused to activity by 
simple wound healing in rabbit skin. The number of tumours occurring in tho 
nrea of wound healing was sometimes tliree times tho number that appeared 
in the same unit area on tho rest of tho skin. The present paper is concerned 
with an attempt to estimate the apparent stimulating effect of wound healing 
<on mouse skin. Tumoius have been localised in healing wounds and scars in 
mice painted with tar (Deolman, 1923-24) or synthetic chemical carcinogens 
(PuUinger, 1943) and some of these localised growths have oppearod earlier 
than any others on tho samo mice. No estimate has been made of the part 
played by chance in this distribution. The best evidence that stimulation of 
latent neoplastic cells is a real factor in localisation is to bo found in those 
mice which develop tumours on the scars alone and nowhere else on tho 
painted skin {Puilinger, 1946). It is reasonablo to suppbse that in these mice 
<3hanco has played no part, and soroo factor in wound healing has provided 
tho added impulse. In rousing these latent neoplastic colls of refractory mice 
to multiply, tho healing of einglo wounds is probably less effective than more 
prolonged influences. In estimating its effect in highly susceptible mice which 
in any case grow tumours without additional stimulation, tho element of 
chance comes into play and requires to bo measured. 

In the first place an estimate was made of tho percentage of tumours 
localised, whether by chance or by tho effects of wounding. This was based 
on the r^ults of several experiments in which optimum doses of very active 
carcinogenic chemicals had b^n used. These xeaults are grouped in table I and 
compared with similar ojqpcrimente with optimum doses of loss octive com- 
pounds or with very small doses of benzpyrene or mothyleholanthreno. The 
dose of benzpyrene in tho latter group was Bufllcient to give a tumour incidenco 
of 07 per cent., but tho latent period -was so extended that any influence due 
to wmmd healing may have been lest. Tlie placing of this experiment among 
those with tho leas active compounds and less effective dosages is perhaps 
arbitrary, but tho result is consistent with tho others. In all four experiments 
with largo doses of active compounds tho number of tumours localised on 
scare was ahnvj'S about half of all the tumour-benring animals and tho average 
exactly 50 per cent. Among tho le^ active compounds the percentage varied 
from nil to six. 
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To estimate the proportion due to chance another experiment was done. 
The matter could not be treated abstractly, because the sites where tumours 
appear are irregular, sometimes extremely so, and subject to unlmown factors 
(Law, 1941); these sites are frequently outside the areas deliberately treated 
and even the treated areas cannot be accurately defined because the solutions 
flow to different limits at each painting ; mouse skin is extremely elastic and 

Table I 

Percentage incidence of tumours on excised sites 


Optimum doses of highly active carcinogenio chemicals 


Carcinogenic compound and dose used 


No. of 

Total DO. 

No. of mice 

tumours on 
oscised sites 

of mice with 
tumours 

0'3 per cent, benzpyrene in liquid paraffin. 

10 

8 

10 

(Expt. I, Pullinger, 1943) 




0-05 per cent. 5:9: lO-trimethyl-l : 2-benz- 

30 

14 

20 

anthracene. (Expt. II, PuUinger, 1943) 



22 

0-05 per cent, benzpyrene in acetone twice 

22 

n 

weekly, unmeasured dose, S. XVIII 




0-05 per cent, benzpyrene in acetone once weekly, 

30 

13 

30 

S. XVII, luuneasured dose 




Totals . 

92 

40 

88 

Percentages . 


50 

05 

Less active compounds or small doses of active ones 


1:2:5: B-dibenzanthracene = 0-3 per cent, in 

21 

0 

15 

acetone. (Expt. A.I, Pullinger, 1945) 


0 


6 -methyl-l : 2-benzanthracene = O-S per cent, in 

19 


acetone. (Expt. A.II, Pullinger, 1945) 


1 


Methylcholanthrene, single doses. (Expt. B.III, 

119 


Pullinger, 1945) 

39 


38 

0-05 per cent, benzpyrene ; 0-1 c.c. in acetone 

6 

once weekly. (Expt. IV, Pullinger, 1945) 




Totals . 
Percentages . 

198 

13 

3 

59 

20-8 


the animals increase in size during the course of an experiinent. Con i w 
were made comparable rvith those in previous experiments with the ^ 

that a ring (A) of the same size as was made in previous o^erunen s 
tattooed several days before painting was begun. No excision was ® „ 
The area was only marked. Any possible influence due to the pres^ce ° 
ink in the subcutaneous tissues was the same in all experiments. T e 
which resulted from the temporary presence of linen threads in the su 
tissue of mice was foimd by Orr (1934, 1935) to accelerate tumour ui 


but not to increase the incidence of tumours. _ i- nt of oH 

Numbers were tattooed on the ears and diagrammatic records ^ 
animals which developed tumours on the tattooed sites. As in ■o-hich 

ments each tmnour was excised soon after it appeared. Of 10 
siurvived tattooing and painting, 91 developed tumours (85 per jj^nco, 

bore tumours on the marked areas. Thus 31 per cent, were loca ise 
that is, more than half the number (50 per cent.) localised ^ an 

combined with excisions. Of these 29 tumours localised by c “ 45 

arbitrary site, 13 appeared there before any others on the same 
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per cent as compared with G5 per cent whon excisions were made Tho 
difference m incidehce on the marked, and excised sites is insufficient to 
attribute it to any factor other than chance and the same conclusion applies 
to earlier mcidence 

A review of tho experience of other authors who combined small doses of 
caremogemo agents with non specific agents led to the conclusion that the 
action of the second or non specific agent required to be repeated or prolonged 
after the manner of a clironic irritation or inflammation (Pullinger, 1945) A 
similar conclusion was reached by Beronblum (1944) The amount of the 
carcinogenic agent may then he so small as to be meffective alone It might 
similarly he found that repeated woundmg would have a greater stimulatmg 
effect than a smgle excision In many of the experiments m which tumours 
grew on tattooed sites from which excisions had been made, these tumours 
were subsequently removed They were always examined inicroscopicallj to 
judge both of their nature and complete remoial Despite complete removal 
a second, third or fourth tumour sometimes arose on the same site (Pullmger, 
1943) \\^ien this happened it gave a strong impression of local stimulation, 
but there is one objection to such an assumption As mentioned by JlacKenzio 
and Rous, skm heals by epithelial migration from the mjured edge Multiphca 
tion occurs at some distance away, where, accorduig to Wigglesworth (1937), 
cell scarcity may provide the effective impulse to divide That epithehal 
migration occurs even in tar treated tumour bearing skm was demonstrated 
m macroscopically visible form by Rous and Kidd (1941) If this is the case 
then an area w’hich is repeatedly excised becomes a focus to which potentially 
malignant cells from surrounding slcui are continually migratmg At this 
focus they collect among the hyperplastic but non malignant colls The fate 
of hyperplastic squamous epithehal cells, like normal ones, is to mature, die 
and bo cast off, while that of malignant ones is to multiply and form tumours, 
thereby reveahng themselves and maintaining thoir existence in tho bodj 
These malignant celts now concentrated at a focus might equally well have 
multiplied m these mice had they romamed undisturbed at their original 
pre migration sites The tumours which grow’ from them at the hub of the 
migration area cannot be attributed to stimulation alone Concentration maj 
be another factor and both may play a port 

Evidence of stimulation from repeated mjurj was sought in another way 
Records of several experiments were compared to determine the average 
number of tumours which made their appearance at four weekly mtervah up 
to the seventh month after the end of painting In some of those experiments 
multiple excisions had been made to remove yoimg papillomas, m others only 
one excision of a tattooed site A (Pullmger, 1943, 1945) Tlio seventh month 
was chosen ns the limit of time for comparison because few mice in which 
tumours arc allowed to develop survive longer than this A much larger 
number survive to the seventh month or longer when joung papillomas are 
regularlj excised The results are compared in table II Wien one excision 
only wTis made (area A m senes XVTI) there was no increase m the average 
number of tumours borne b> each mouse from tho third to the seventh month 
Tins may have been due m part to an exceptionally high rate m tho third 
month, but whereas m nil other exponmenta there was a gradual rise, m this 
case there was none Wien multiple excisions had been made, whether the 
dose of tho carcinogenic cliemical was high or low, there was m tho seventh 
month an mcreaso of two to three tunes tho average number of tumours over 
tho third month, with a contmuous rise m tho intervening months This 
mcrease is comparable with that obtauietl bj "MncKenzio and Rous It is 
tho more remarkable in that with each excision the total number of cells 
onginnlly exposed to the carcinogenic chemical is diminished and there is a 
rejilaccnient bj normal cells from the penpherj A dilution of potcntinllj 
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neoplastic cells is going on, but at the same time the number of tumours i« 
increasing. The rate of increase becomes so rapid that excisions arc no longer 
practicable and the mice have to be killed (see, for example, fig. 1, Pullmger 
1946). 

Tabije n 


Increase in tumour incidence per mouse due to multiple excisions 


Carcinogenic compound and dose used 

Iio. of moatiis after end 
of treatment 

Incitasc at 
7tli month 


B 

5 

0 

B 

0'05 per cent, benzpyrene once weekly, nn- 







measured, S. XVII. Single excision 

No. of mice with tumours 

10 

6 

5 

10 

22 


Total no. of tumours .... 

23 

10 

11 

23 

50 


Average no. of tumours jrer mouse . 

2-3 

2 

2-2 

2-3 

2-1 

Xil 

0'05 per cent, benzpyrene once weekly, O-l c.c. 
(Expt.rV, PuUinger, 1945.) Multiple excisions 



28 

31 

36 


No. of mice with tumours 

22 

24 


Total no of tmnours .... 

33 

48 

71 

85 

113 

2 times 

Average no. of tumours per mouse . 

1-6 

2 

2-6 

2-7 

3-1 

0'05 per cent, benzpyrene twice weekly, un- 
measured, S. XVni. Multiple excisions 




19 

20 


No. of mice with tumours 

6 

16 

17 


Total no of tumours .... 

10 

27 

47 

72 

96 

3 times 

Average no. of tumours per mouse . 

1-6 

1-8 

2-1 

3-7 

4-8 

0-3 per cent, benzpyrene in paraffin or olive oil, 
S. XX. Multiple excisions 




11 

11 


No. of mice with tumours 

6 

8 

10 


Total no. of tmnours .... 

13 

22 

36 

48 

65 

2-8 times 

Average no. of tumours per mouse . 

2-1 

2-7 

3-5 

4-3 

6-9 


It is difficult in mice to devise an entirely satisfactory method for estimatmg 
a possible stimulating action. The one just described is merely an approxtaation. 
Among a number of mice painted with ccurcinogenic chemicals it is often e 
case that early tmnoiu-bearers die or have soon to be killed. Tlieso maj a 
be the most susceptible mice which, if they lived, would produce the gran 
number of tumours per mouse. In a similar group from which 
made, the most susceptible mice are enabled to live on, even for their na 
span of life. Experimental conditions are therefore never quite compara e. 


Conclusions 

Multiple simple excisions from mouse sldn treated mth small ^ 

of benzpyrene stimulated the formation of tumours to approxima y 
three times the number obtained in susceptible mice from wine i o > 
excision was made. . pous 

The results tend to confirm the general proposition of MacKenzie 
that tar or .other carcinogenic agent renders many more epidermal ce n ^ 
than ever declare themselves by forming tumours. ^ In mice, 
potentiality is not so readily disclosed as in the rabbit. Mmtip e mj . jpg) 
more effective in revealing it. These multiple injuries provide 
factors. Some factors are piuely epidermal in origin, for exarap ° 
migration and multiplication ; others are inflammatory m o 
tissue — or isclimmic, as suggested by Orr. All combined are h ^e \ 







COR BIATRIUM TRILOCULARE 


481 


a state of clironic irritation or reaction to repeated injury No clue wa© found 
to indicate precisely -which of the many factors pro\nded the cffectu e non 
specific stimulus 

REFERENCES 


Berendi-xjm, I 
DEErLMAN, H T 
Law.L W 

Mackenzie, I , and Rous, P 
ORn,J W 

PuijiiNGEa, B D 

Rous, P , ANp Kidd, J G 

WiGGEESWORTH, V B 


1944 Arch Pai/i , xxxMu, 233 
1923 24 Z Krebsforsch , -x-m, 220 
1941 Amtr J Pa<7i , x\u, 827 
1941 J Exp Med , Knxu, 301 

1934 Brit J Evp Path 

1935 121 

1043 This doumaZ, l\ , 301 

1945 This JoumaZ, Ivn, 4C7 
1941 J Exp Med , Is^iu 305 
193? J Exp Biol , \\\ . 364 


6 i 6 . 12 — 053 . I 

COR BIATRIUM TRILOCULARE WITH TRANSPOSITION OF THE 
ARTERIAL TRUNKS A RARE CONGENITAL CAREIAC AIAL 
FORIMATION 

James Bbodie 

Prom the Department of Pathology, University of St Andreits 
Medical School, Dundee 

A short description is given below of an unusual congenital cardiac mal 
formation Tlio subject was a female child aged one year who had sho-wn o 
moderate degree ot cyanosis from birth About two montbs prior to death, 
the child had become more cyanotic and liable to fits of screaming , the fits 
became more frequent and lasted from 1 to 3 hours At first relief foUowcel 
the inhalation of amyl nitnto but later no drug appeared to alleviate tbo 
condition to any appreciable degree The pulse was full and regular m force 
and rhytlun Systolic ond mid diastolic murmurs -were heard over the mitral 
area and a systolic murmur at the aortic area -was conducted do-wn the sternum 

At autopsy the cause of death was found to be thrombosis of the sagittal and 
lateral smuses and beyond the cardiac malformation no other abnormalities 
were found 

The heart weighed 69 g , it showed transposition of the arterial trunks and 
the division of its cavity into five chambers — two atria and two % entnclos plus 
an accessory ventricle The right atrium received the systemic blood by way 
of the superior and inferior vemo cavie The left ntnum received the pulmonary 
blood by way of the pulmonary \oinB Tlie foramen ovale -was patent but 
small (diameter 5 mm ) 

The ventricular system consisted of three chambers, two largo and one 
small, the latter, the accessory ventricle, being placed antero superior to and 
between the other two The arrangement showed a resemblance to the ventneular 
system m the heart of the python (P woZitnrs) as described by Abbott (1936) 
In the heart under discussion the right \entncle (fig 1) corresponded to the 
cavum venosum of the python lieort, the left \ ontncle (fig 2 ) to the cavum 
artenosum and the accessory \entncle (fig 3) to the \entral ventricle Tlie 
right and left ventricles communicated with each other by nn mtervontncular 
foramen The accessory ventricle communicated with the right ventricle only , 
instead of with both right and left ventricles, as m the heart of the python, m 

40CRV 0> PATH —TOl. LTH 2 K 2 
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which the ventral ventricle communicates with the cavum venosum through a 
gap in the bulbar septum, and with the cavum arteriosum through a hole in the 
floor of the ventral ventricle. A further similarity, however, existed in that the 
pulmonary artery arose from the accessory ventricle and its valve was, like that 
of the python, hicugiid. Tire parallel has been drawn to simplify the description 
of the main abnormalities presented. 



Fig. 1. — ^Right ventricle laid open showing the aorta (Ao.) ond its e ^ 
(l.p.c.), with the orifice of the right coronary artery and the rign p 
(r.p.c.) (the anterior cusp is obsciued), the inteiventrioular 
tricuspid valve (t.v.) and the opening between the right ventno e a 
ventricle (a.v.o.). 


Furthermore, with the transposition of the arterial trunks, ^ one 

from the right ventricle. The cusps of the aortic valve , its 

anterior, one left and one right posterior. The left corona^ 
origin from the sinus of the anterior cusp, the right corona^ delay of fr® 

of the left posterior cusp. These findings would in^cate place 

clockwise torsion which, according to the theory of Spitzer { ,’jjj.{orial aad 
in the growth of the primitive embryonic heart be^een i s ^|jgjeforo, the 
venous ends during the process of septation. In this the 

anterior cusp of the aortic valve corresponds to the norm g 
left posterior cusp to the normal left cusp. 
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Tlio ductus arteriosus was closed at its pulmonary end by a thin membrane. 

The septum between the right and loft ventricles was well formed except 
for the deficiency at its upper end, giving an interv'entricular foramen 9 mm. 
broad by 8 mm. long. The left ventricular aspect of the septum sloped towards 
this defect, giving the impression that during ventricular systole tho^ blood in 
the left ventricle would bo directed upwards and to the right through the 
interventricular foramen into the aorta. Tliis was further borne out by the 



Flo. 2. — Ijcft atrium and ventricle displayed showing tho mitral valve (m.v.), a probe 
through tho patent foramen ovale (p.f.o.), and the left auricular appendage (I.o.a.). 

fact that the mitral valve was so placed that when its curtains were in opposition, 
as in ventricular systole, it would act like a j>add[e directing the blood column 
towards tho infcrvontricular foramen. 

In the right ventricle the atrio-vontricular orifice was situated to tho right 
of the aortic orifice and separated from it by tlio tricuspid valve. Tlio upper 
edge of tho defective interv’cntriculor septum possessed a rolled*ovcr margin 
wliich projected into the cavity of tho right wntriclo, malcing the communication 
between the right ventricle ond the aorta narrower than the illustration (fig. 1) 
indicates. 

The right ventrielo and the accessory ventricle communicated at the apex 
of a cone-shaped vestibule and tho opening, 6 mm. in diameter, so formed ^vns 
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divided from above dovTiwards Ijy a column of membranous tissue. Durini; 
ventricular systole the contents of the right ventricle -would appear to be directed 
towards the accessory ventricle via the vestibule and so, in the main, into the 
puhnonarj’- artery. As this openmg is much narrower than the normal exit 
from the right ventricle via the pulmonary artery, it is not surprising that tho 
wall of the right ventricle measured S mm. in thiclmess, that of the left ventricle 



Fro. 3. — Accessory ventricle exposed to show the puhnonarj' artery (p.o.) w ' 
bicuspid valvo (b.v.), the opening between the right ventricle and tho . 

ventricle (n.v.o.) with its membranous hand, tho left auricular appendage 
n probe in the closed ductus arteriosus (c.d.o.) and tho incision into tho left ven n 


(l.v.). 


only C mm. That admixture of arterial and venous blood occuned ^ 
the patent foramen ovale is almost certain, and, while tho possibihty o 
mixing of the bloods in the right and left ventricles resulting front ? 
ventricular septal defect cannot bo denied, the circulation indica e 
would appear to be the most likely os well as the most desirable if a re 
satisfactory circulation was to be maintained. nccurate 

■ The details of the heart are shoim in figs. 1-3. These figures 
in detail and in proportion, having been made aecording to tho m 
Shennan (1929). 
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Reference to available literature has failed to reveal any record of a similar 
cardiac anomaly. The cardiac malformation which most closely approximates 
to the present one is the cor biatrium triloculare originally described by Holmes 
and re-published by Abbott (1D36), In Holmes’s case, however, the inter- 
ventricular septum is absent and the arterial trunks are not transposed, 

A diagram, after Spitzer (1923), showing the division of the ventricles and 
the relative position of the arterial ostia in the heart under discussion is given 
(fig. 4). From this it would appear that the communication between the right 



Fio. 4. — Diatom after Spitzer ehowiag the ioterveatncular septum (Sept, v.), crista 
supraventricularU (c.r,), mitral valve (Mi.), tricuspid valve (Trie.), pulmonary 
artery (A,P.) and aorta (Ao.). 

ventricle and the accessory ventricle is tlurough a defect in the crista 
Bupraventriculoris. 

The author wishes to thank Professor D. F. Cappell for facilities and advice 
and Dr J. Thomson for clinical data. 
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THE XTHUS-NEDTEALISING POWER OP SERTOI 
FROM RECENTLY VACCINATED PERSONS 

J. F. Loutit and D. McCleak 

The iS'.ir. London Blood Suppttf Depot and the Lister InstUiile, 

Elstree^ Berts 

Witli the recent developments in drying from the frozen state it is possible 
to store human aennn for long periods without deterioration. It may be 
desirable to collect and dry scrum from recently vaccinated persons for trial 
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divided from above downwards 'by a column of membranous tissue. During 
ventricular sj^stole the contents of the right ventricle would appear to bo directed 
towards the accessory ventricle via the vestibule and so, in the main, into the 
pulmonary artery. As this opening is much narrower than the normal exit 
from the right ventricle via the pulmonary artery, it is not surprising that the 
wall of the right ventricle measured 8 mm. in thiolmess, that of the left ventricle 



Fig. 3. — Accessory ventricle exposed to show the pulmonary artery (p-a-) 

bicu^id valve (b.v.), the oiiening between the right ventricle and t o , 

ventricle (a.v.o.) with its membranous bond, tho loft auricular nppcn ago 
a probe in tho closed ductus arteriosus (c.d.a.) and tho incision into the e i e 
(l.v.). 

only 6 mm. Tliat admixture of arterial and venous blood 
the patent foramen ovale is almost certain, and, while the possi } 
mixing of tho bloods in the right and left ventricles above 

ventricular septal defect cannot he denied, the circulation m _ca 
would appear to be the most likely as well as the most desirab e a 
satisfactory circulation was to be mamtained. _ nccursta 

■ The details of the heart are shown in figs. 1-3. These method of 

in detail and in proportion, having been made according to 
Shennan (1929). 
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Reference to available literature bas failed to reveal any record of a similar 
cardiac anomaly. The cardiac malformation which most closely approximatea 
to the pr«ent one is the cor biatrium triloculare originally described by Holmea 
and re-published by Abbott (1936). In Holmes’s case, however, the inte^^ 
ventricular septum is absent and the arterial trunks arc not transposed. 

A diagram, after Spitzer (2923), showing the di\TSion of the ventricles and 
the relative position of the arterial ostia in the heart under discussion is given 
(fig. 4). From this it would appear that riae communication between the right 



Fio. 4,— Diagram after Spitzer showing the iatervcntricxUar septum (Sept, v.) crista 
supraventrieularia (c.r,), mitral valve (Mi.), tricuspid valve (Trio.). Tjnimon««. 
artery (A.P.) and aorta (Ao.). ‘ F«««raaT 5 

ventricle and the accessory ventricle is tlirough a defect in the crista 
supraventricularis. cnsta 

The author wishes to thank Professor D. F, Cappell for facilitiVa Anri a • 
and Dr J. Thomson for clinical data. °° 
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THE VIE17S-NEOTRALISING POIVER OF SERTnr 
FROM RECENTLY VACCINATED PERSONS 

J. F. Louht and D. ^IcCliiak 

Tht fi'.ir. London Blood Supply Depot and the r,- . 

EUtree, Herts " ^’’slttute. 

With the recent developments in drying from the froze 
to store human serum for long periods without detoriomr^^ ^ possible 
desirable to collect and dry serum from recently voccinflfJ'°°‘ be 

I^ona for trifti 
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in the treatment of complications following vaccination and, possibly, of 
smallpox itself. In the absence of precise information, preliminaiy ohsorvations 
have been carried out to decide the time after vaccination at which the highc’^t 
titre of virus-neutralising antibody is attained. 


, Methods 

Blood was collected from donors at different periods after ordinary Jennerian 
vaccination and the resulting serum pooled in groups as shown in tables I and 
H. In the first test, a sample of dried serum from a single individual bled 
after 28 days (kindly supplied by Brigadier Sir Lionel Illiitby) and hyper- 
immune rabbit serum obtained after immunisation with olementaty body 
suspensions from a strain of vaccinia repeatedly passed on the rabbit skin 
were tested in parallel with the serum pools. Twofold dilutions of the liuman 
sera and fivefold dilutions of the hyperimmune rabbit serum were mixed with 
an equal volume of a fixed dose of a vaccine l3nnph which has been used for 
many montlis as a laboratory standard for comparison with other lymphs. 
Similar mixtures of the lymph with dilutions of normal rabbit serum were 
made to control the activity of the lymph on each test animal. After one hour 
at room temperature and one hour in the refrigerator, the mixtures were tested 
by soarification on the clipped backs of three rabbits and the resulting vaccimal 
lesions observed on the 5th day. In the second test, in wliich one rabbit only 
was used, the titration with normal rabbit serum was omitted and, instead, 
the vaccine lymph was inoculated alone at the test dose level and at tenfold 
and one lumdredfold dilutions of this in order to gain some idea of tho number 
of infective doses of virus neutralised by the serum samples. Inoculation of 
dilutions of standard lymph, either alone or mixed with normal serum, also 
served to control any variation in the susceptibility of individual rabbits to 
the virus. Experience has shown that, provided a normal reaction is obtained 
with constant dilutions of a laboratory standard lymph, titrations of unknown 
virus preparations on different animals can be directly compared. 


BesuUs 

The results of the first test are shown in table I. It is perhaps 
that serum pool A showed slight virus neutralising power ; this may have been 
due to the residual antibody from previous vaccination of one or more 
Serum pool B, however, showed little or no neutralising activity. ™ 
allowance is made for variations in results that are likely in a test ns iot c 
as the one employed, it appears that serum pools C, D and E are all of afaou^ o 
same potency. Since the titre of these sera was so much higher 
pools A, B and P and they were all collected between the 12th and 2..ii 
it is not of much practical importance that their end-point was not rcae 
in this test. Although serum PLB, from an individual donor ® ® ' 
days, showed similar potency to pools C, D and E, sample F from eig <■ a ^ 
bled at approximately the same interval, showed a definite fall in neu ra b 
activity. It will he noticed that the hyperimmune rabbit serum . . 

stantial neutralisation of virus up to 1 : 6260. These results sugges 
serum with tho highest titre is liliely to be obtained during tbo thir 
vaccination but a faU in potency may occur by the end of tho fourt i -w ^ 

Ih order to confirm this result and to determine whether 
neutralising potency occurred at a longer period after I'accination, a 
was made on pools of serum collected at the end fjiire 

and during the sixth week. The results are shown in table • 
samples of serum gave lower neutralising activity than brail 

the third and fourth weeks for the previous test. Virus neutra 
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Neulrahsation of vaccmxa vtms by pooled human sera 
after vacctnatton 



Test dose of vjxccme lymph » dilution of 10“* 

c s confluent vaccimal eruption 
sc ss senu confluent vaccmial eruption 
numerols *= number of discrete vesicles 


Neutralisation of vaccinia by pooled human sera after vaccination 



Test doso of \ ocemo lymph = dilution of 10-* 

c = confluent ^ accmial eruption 
Bc =5 semi confluent \accuual eruption. 
numemU = number of discrete vesicles 
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three sera is, however, quite definite at a dilution of 1 : 16 and there is no 
indication of a fall in activity up to 35-43 days after vaccination. Tins test 
in rabbits was repeated with the same resiilt. 

The only explanation that can be offered for the weak neutralisation by 
serum F in the first experiment is that this pool may have contained the serum 
of more than one poor reactor to vaccination ; it is unlikely that serum pools 
C-I all contained an abnormal proportion of good reactors. The relative failure 
of pool F indicates that it is essential to test each pool for virus-neutral&ing 
activity and, from this point of view, pools from a large number of donors 
would be most practical. On the other hand, jaundice is known to follow tho 
administration of serum and it is logical, in the present state of knowledge, 
to collect pools from a small number of donors (say ten) to lessen the risk of 
contaminating a large pool with one icterogenic serum. 

Although 6-20 ml. of convalescent serum have been given in the past, it is 
likely that larger doses may be given in the future. Therefore, m order to avoid 
the rare but undesirable reactions from high hsemagglutinin titres, it would bo 
desirable for each pool to contain serum from group A and group B or from 
group AB blood. 

Conclusion 

Tests on the virus -neutralising activity of serum from recently vncoinated 
persons indicate that the most potent sera are likely to be obtained during the 
third and fomth weeks after vaccination hut that no considerable fall in potency 
occurs up to the end of the sixth week. 

Despite the risk of fluctuation in neutralising activity', it is suggested that 
pools from a relatively small number of donors (e.p. ten) should he kept separately 
and that each pool should be tested for neutralising potency ; thus tho risk of 
contaminating a large volume with one icterogenic serum will be avoided. 
Precautions for the avoidance of possible reactions due to a high hamiagglutmin 
titre of the serum are described. 
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THE EFFECT OF OLIVINE ON THE LUNGS OF BATS 

E. S. King, Nancy Bogers and Margahet Gu-OHmsT 
British Postgraduate Medical School, London 
and 

V. M. Goldschmidt * and G. Nagelschmidt 
Rotlmmsted Experimental Station, Harpenden, Herts 

(PhATE LXVT) 

Attempts to prevent silicosis in modem industry have, 
three lines : (1) dust suppression by controlled ventilation and -nressure 

of water at the site of dust formation ; (2) the use of filter or 
masks ; and (3) the substitution of non-siliceous materials for qu ^ 
processes. Two outstanding examples of the latter are the gpgtrerj- 
powdered aliunina in place of quartz for bedding the chma bo los . 
industries and the substitution of steel shot for quartz m ^ __ — .. 


• Professor of mineralogy in the University of Oslo, Norway. 
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of castings. Tliis process of cleaning and polishing an iron or steel object, 
cast from the molten metal, by means of a coarse abrasive powder blown at it 
under high pressure is loiown os ** blasting It remains one of the most 
dangerous processes in the foundry industry in spite of the use of steel shot 
instead of sand, because of the adlierence of particles of quartz to the metal 
body from the sand mould in which it is cast. Another dangerous process 
consists in removing adhering nesta of sand by means of pneumatic or hand 
tools, a x’rocess Imown ns “ fettling The substitution of some non-siUcosis- 
producing material in the moulding of inetn! castings might well result in a 
lessening of the silicosis risk m the foundries. 

Certain v'arietira of the mineral olivine are highly refractorj* substances, 
consisting essentially of forstcrit© (magnesium orthosilicato — ilg.SiOj), sub* 
ordinate amounts of fayalito (ferrous orthosilicato — F 0 aSi 04 ) and very minute 
amounts of the orthosilicates of manganese, nickel and cobalt. The refractory 
properties of olivine rock were discovered in 1925 by Goldschmidt, who suggested 
and introduced the use of olivine rock (dimite) ns an industrial refractory 
(Goldschmidt, 1938, 1940 ; see also Har\*oy and Birch, 1938). Goldschmidt 
and Stenvik (1928, unpublished industrial experiments in Norway on the use 
of olivine ns a refractory r British patent 321C09, 1929) had already made 
industrial experiments on the ase of olivine sand and of crushed dunite rock 
instead of quartz sand for making moukls for foundries. Elstad and Stenvik 
(unpublished observations) have carried out animal experiments in Norway 
since 1940 to ascertain whether or not the inhalation of olivine dust might 
involve a silicosis hazard, as iixdustrial olivine contains about 42 per cent, by 
weight of combined silica and is easily decomposed even by very weak acids. 
Reports of these tests have not yet been published so far ns is Imown. 

Technical experiments in Norway on the uso of crushed olivine rook in 
foundries have been carried out on a large scale since 1935 and have given very 
satisfactory results as regards quality of castings. In olivine moulds, not only 
steel but also stainless ferro-alloys having high temperatures of fusion give 
exceWent castings with reraar&abfy cfenn snr/hces. Not oniS* is the sificn cioat 
hazard of handling the ordinorj’ mould materials avoided, but also the equally 
dangerous operation of cleaning the 'surface of castings by means of fettling 
and sand-blasting with quartz either eliminated or greatly reduced. Full 
reports of these technical exjieriments will be published elsewhere (Goldschmidt). 

Methods 

The percentage composition of the sample of olivine used was as follows : — 
SiOa 41*42, MgO 61, FeO 6*5, FcjO, 0-3. Cr-O, 0-4, Al^Os 0-2, iInO O-l, NiO 0*4, 
CoO 0*02, CaO 0*00,KjO-}'NttjO 0*01, TuO and 0*00 ; ignition loss 0-4-0*5. 
A mineralogical detennh\ation of th© composition of the sample reveals in 
addition to the main constituent — tlio orthosilicate olivine (92 per cent, by 
weight) — -about 5 per cent, of enstatilo and mognesian amphibolo and small 
traces of the minerals phlogopite, chlorite and corundum, about 1 per cent, of 
oxydic iron ores (chromite and rangnetito) and about 2 per cent, of hydrated 
secondary magnesian silicates (essentially serpentine). Wlicn treated alternately 
with acid and alkaline solutions, the olivino is completely dissolved, leaving 
n residue mainly consisting of enstatito (essentially ilgSiO^) and cliromito 
(essentially (Fe, Mg) (Cr, Fo, Al) 204 ). A sample of such olivino rock of particle 
size <2 fi ^fas prepared by crusliing, grinding and sedimentation in water. 

For the purpose of injecting into animals, 7B0 mg. of powdered olivine were 
weighefl into a 60 ml. conical flask and suspended in 30 ml. of isotonic sodium 
chloride solution. Tho flask wn.s closed with a nibber cap tlirough which a 
fine hji^odcrmic needle was inserted (to allow escape of air). Tho flask, saline, 
rubber cap and needle had pro\’iously been sterilised by boiling. Tho mixture 
was heated on a boiling water-bath for 15 min. and was then used, immediately 
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after cooling, for introduction into the lungs of black mid white rats, by Kettle 
and Hilton’s method of intratracheal insufflation. The rats ivero nn!cstlicti?d 
with ether in a bell jar and the hair was shaved from the neck. A longitudinal 
incision of about 1 cm. was made and the trachea e.\po.sed by blunt dissection. 
A short needle of 12 gauge fitted to a 5 ml. sj'ringe was inserted through tho 
wall of the trachea and 2 ml. of the moculiun (50 mg. olivine) wore injected. 
The suspension of olivine was shaken in the fiask as the 2 ml. were being nith- 
drawn and again gently in the syringe xmtil just prior to insertion of tho needle. 
The needle was immediately withdrawn and the wound closed with a single 
cat'gut suture. The procedure is described in detail by Belt and King (1915). 
Of nine rats so treated none failed to survive the operation ; they lived for 
the periods shown below. At the end of five months the four survivors were 
killed with coal gas and the experiment terminated. 

The lungs of all the animals were removed and fixed by injecting formoU 
saline mixture into the trachea, which was then tied and the organs sxispended 
in the fixative. Serial paraffin sections were stained with hasmatoxylin nnd 
eosin, van Gieson. and- Gordon and Sweets’s reticufin stain. Immediately 
adjacent sections were .subjected to micro-incineration. 

Survival of rats after adminislraiion of olivine 

Of the 9 rats used in tho experiment, one was killed at the end of ft 
fortnight, 4 died during the next four months nnd 4 were alive at tho end of 
fiv'e months. Tho numbers are too small to say if this is a normal rate of 
mortality or not. 

Histohgy 

As a result of the various time intervals at which tho experiments veto 
terminated it was possible to study the course of tho lesions produced in tho 
lungs. The earliest reaction to the dust was predominantly koniophage in ty^, 
consisting of an outpouring of large phagocytic cells into the alveoli. Tlitso ceiB 
phagocyted the olivine particles and a number of air sacs were filled with them. 
A small number of the olivine-containing macrophages wore also present in t o 
lymphatics of the alveolar wall. . 

In the early lesions there was also a slight polymorphonuclear leucocytic 
reaction. Most of these cells showed degenerative changes, with pykno 
nuclei and brealdng down of their cytoplasm. There were also areas o 
congestion, slight emphysema and collapse (fig. 1). , 

Gradually as the duration of the experiments increased the proper lon 
alveoli containing koniophages diminished nnd the proportion of th«o co 
in the alveolar wall lymphatics and to a slight degree in tho 
and perivascular lymphoid tissue increased. The alveolar walls of o 
lesions showed well marked thickening duo to dust-containing mactop ag 
the Ijnnphaties, congestion and slight fibrosis (fig. 2). ’rhekomopnng«^^^ ^ 
a gradually increasing content of brownish pigment granules whiex ^ 
strongly positive Peri’s reaction for iron. Olivine crystals themse p 
negative reaction, hut in the experiment of 14 days’ duration, ft 
the macrophages contained iron-reacting pigment grannies, ana som 
phagocyted olivine crystals took np the blue stain. These fin ^rtiol 
that tho olivine, after contact with tissue fluids, gradually 
solution, with liberation of iron-containing pigment grannies ; a 

particles also diminish in size. . , nnsist of no 

Tlie changes xrroduced in the lymph nodes are slight anu c 
increase in reticulin fibres with cellular increase and fibrosis. Tlicro h ao 
The reaction to olivine is thus of simple foreign body ypo> ,^ 5 ,^ in 
organisation with reticulin fibrosis. Tlio dust appears to e 
comparison with silica. 




Flo. 1 — Section of rat lung 160 tlajR nftcr mtmtrachcnl in'^ufllntton with 
ohvme. Tlio majority of the air w\m arc cinptj, hut tUo aU’colar waUn 
are thickened, owing to the |m‘‘«enco of ilust-contammg mncroplingcs m 
the li mphnticb, conge'ition and slight hbroqis. X 313- 
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Summary 

ilagntisian olivine a higUy refractory silicato mineral. Rock consisting 
essentially of such olivine (dunite) occurs particularly in Norwaj' and has been 
used successfully in the foundry industry as n substitute for quartz sand. Its 
effect on the lungs of rats has been tested by intratracheal insufflation. Onlj' 
a minimal reaction of simple foreign-body t5rpe appears to be produced. 

Our thanks are due to Professor J. H. Dible for his helpful criticism and 
advice, to IMr W. Weodon and Mr A. Hoffler for their assistance with the experi- 
ments and their care of the animals and to Mr J. Baker and ilr J. Griffin for their 
preparation of the histological material. 
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A COMPARISON OF THE EFFECTS OP LALVO-ROTATORY AND 
DEXTRO-ROTATORY QUARTZ ON THE LUNGS OP RATS 

E. J. liiNG, Nancy Rogers and Margaret Gilchrist 
British Postgraduate Medical School, Londoii 
and 

G, Naoelschmidt 

Rothamsted Experimental Station, Harjjenden, Herts 
(Plate LXVH) 

Many natural substances occur in either the doxtro- or kevo-rotatory form. 
The amino acids of animal tbisues, for instance, are present ns Irevo-rotatorj’ 
isomers. Certain compovmd«» of pharmacological interest are more active in 
one optical form tluin the other. Quartz also may occur in two antipodic forms, 
as right and left quartz. Here the activity is duo to the arrangement of the 
atoms in the solid crystal only and is lost when the silica is in solution. It 
seomod possible that the pathogenic action of quartz might differ •with the 
dextro- or Irovo* arrangement ns evidenced by optical actirity. 


Methods 

Plates out parallel to tho base of quartz crystals were selected by means of 
microscopic tests for right or left rotation and freotlom from doxtro-lajvo 
twinning, and one of each was used. Small chips mounted in Canada balsam 
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Summary 

Dextro- and Irovo-rotatory quartz administered by Kettle and Hilton’s 
insufflation method bring about similar changes in the lungs of rats. Their 
different antipodic structural configuration appears to have no effect on the 
experimental lesion produced. 

We would like to express our thanks to Professor Goldschmidt for suggesting 
this investigation and for helpful comments. Our thanks are due to the Medical 
Research Coimeil for an expenses grant from w’hich part of the cost of tliis 
investigation was defrayed. 
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BOOKS RECEIVED 


A text-book of pathology 

Edited by E. T. Bell. 5th edition. 1944. London : Heniy Kimpfon. 
Pp. 862 ; 448 text figs, and 4 colour plates. 45s. 

As in previous editions, the editor of this standard American text-book 
is aJso the principal author. Indeed the other two contributois arc 
responsible between them for less than 8 per cent, of tho whole, namely 
the chapters on the mj^coses and the diseases of the liver and gall-hladcier 
by J. S. BfeCartney and on diseases of the heart by B. J. C]aw.?on. The 
text has been brought well up to date. “ Among the new topics discvissod 
more extensively are shock, vitamin deficiencies, blast injuries, Boeck’s 
sarcoid and several infectious diseases of interest in War Sledioine ”. Tliere 
is, liowever, only passing reference to the emsh syndrome, on which so 
much valuable work has been done during the war, while the characferidic 
and important myocardial lesion in sarcoidosis is not mentioned. Tliirfy-two 
new figures have been added and 16 old ones deleted, and although tho te.vt 
is increased in amoimt, it has been possible to reduce the number of pages 
by the rise of a larger t}^e page. Selected lists of references, mainly to the 
American and British literature, continue to be a useful feature. 

The remark to which we drew attention in our review of the third edition 
(this Journal, 1938, xlvii, 199) — ^that in America iron miners do not develop 
any clinical symptoms from the dust that they ingiire — still appeals 
(p. 124). If this is a correct statement it can only be surmised, in view 
of experience in this country, that either the iron stone mined is of yerj' 
different composition from English hmmatite or American mining technique 
ensures that little or none of the dust gets into the lungs. 

Proof reading has been less careful than in previous editions, nhicli is 
understandable in these difficult times, but we do hope that an error referred 
to in our review of the second edition — the mis-qjeUing of Sir Ro1»rt 
Hutchison’s name (p. 765) — ^will be rectified in the next edition. In passing, 
is it really true that nem-oblastomas of the left adrenal metastasiso to the 
skull with greater frequency than those of the right, or is this just one o 
those hoary fallacies which are copied from text-book to text-book ? 

We can only repeat, what we have said on a previous occasion, that tni' 
is an excellent students’ manual. It is accurate, well written, comprehensu o 
■and yet concise, and beautifully produced. 


Leukopenia and agranulocytosis 

‘ By William Dameshek. 1944. New York, London and 
Humphrey Slilford (Oxford Uru'versity Press). Pp. vdi and 78. 1 -• • 

A compact revdew of the subject, almost but not quite up to date. 
importance of granulotoxic drugs is stressed and the use of , 

in combating general sepsis in the later stages of tho disease is nd\oca . 
Necessarily there is lack of reference to the newer sulphonamides 
tliiouracil. The application of penicillin is mentioned only hj’pot % 
Tlie self-sufficiency' of the American school of hsematology may bo 1“ ^ 
from the fact that there is not a single reference to any Britis i 
the subject ; apart from a few' references to the earlier clnssicn ^ f ^ 
and Scandinavian papers, the whole of tho bibliography )S cu e 
American papers of the past ten years. 

494 



INDEX OF SUBJECTS 


iDE'‘OSrfE cquivnlont of mbbits blQo<i 
foIJowng Ictbfll forms of tissue 
mjvity 337 

^JXOXAN DIABETES H\ Tflbblt 109 

^atVEoiD x??ra.TnATioN of spleen and 
In er of imeo in)cctcd with pentoso 
nucleotides 9, 18 

^stVEOiDOSKf, atypical 283 

\NXJirrA laboratory methods of testing 
hiTr extracts for the nntj penucions 
anioniJft factor 101» 423 

VNAEBOBUg exammatton of exudates 
for pathogenic miaerohca 67 

\oRTA, tlxTombosis of, m nowborn ii21 

^lUtcvODi^STojtA of o\ ary 436 

^TERtES posa defects m auaculw 

and clastic coats of cerebral arteries 345 
Asthma a fatal case, allowing tbo 
nstiunatic reaction m an o^an^m 


teratoma 213 


B^CTBurA oxnmmation of oxudotea for 
patbogenw anaerobes 67 

eulphonanvido ecositivity of 69 

Baoteriaz, ptoiu of wounds and scptjc 
lesions of the hand 27 

Baczeriophaob action on 3<xci t^phosum 
and JJ wryolhenum tw displayed by 
dork ground cmemicrogrophy I 

SflcteriMm coJ» nropoldonttm from 
sumtnor diorrjifpn of infants, anti 
gcnieally homogoneoim atrams of 239 
J3n«cntifn dys«nten<c, non manrutol 

fermenting 307 


^fTClrrjum typ^o*mn, action of bacteno 
pbngo on, as displo>ed by dark 

‘ I 

titrea in 

m 

od group 


factors A B and RU 157 

pTotcctvio factors ui hetero^pecific 
VAood group pregnancy nnd their 
role in the preicntion of h-emolytic 
disease of the nowbom 297 

BuooD TRA^'HrestO's factors mfluen 
cujg the presen ation of stored red 
cellA 326 

Bone ronMATiov. m apical scars 171 

Books nre^-n'rp aeo Remeiyx of 

ROOKS 

Bbeast O' olution of inou'ie mammary 
cancer effect of milk factor and 
comparison Mith human discaso 413 

‘ ‘ • ' 397 

« • 267 

BntffUa broncfnMtptica, mfluenrc of sub 

fitrato on \ armtion of 2S3 


taqt 

BuKsa effects of applying pressuro to 
experimental thermal bums 37 


CitcuLvs, uniNATiY formation of 
nuclou.9 of stono in urmarj passages 376 
Cakcjnooescsis FXTFnntENTAE diur 
nnl \anfltion m the production of 
tmnoura 265 

on oxpevunontal approach to the 
pToblom of trauma and tumours 407 

n measure of the stimulating effect of 
simple injury combined with car 
cmogenio chenaicaU on tumour 
formation in mice 477 

Cerebrai. ATVTERnEs, gross <lefocts m 

muscular and clastic coats of 345 

CiiouFSTEitoT. Its adsorption from a 
uatery suspension and the effects of 
this on plasma hpids 280 

CiTONCBosArcoMA of phalanx Nxith 

cutaneous metaateses 144 

CrtEMicROGnABirv (park ORO■D^D) of 

O , ^ ^ J 

Clo«t ' 

’'sof 76 

i. Congo 

red 451 

CONOENTTU, HCSRT DtSBASi COF 

bmttjum tnloculare with trons 
position of the arterial trunks 481 

Congo red molecule fantutea 
associated with its inactn ation of 
complement 461 

COR »lXTRn7M TKItOCUI^^RE 4Sl 

Cori/ncbactenmn dtpfitft^na, coagulated 
plain serum og n differential mwhum 
for 385 

Ckosu BVNDRoaiB KitisT^, hudological 
resemblances in hydrotiepliroais to 
tbo late changes m 304 

Dextax, ciLCUEUS and gmgual disease 
in tlio forretj rei^ttvo effects of 
dietary constituents upon 353 

DtABETEq alloxan diabetes m rabbit 199 

DinoTTMAROE its effect on the adhesive 

nosa of blood platelets 382 

Birr and dental tartar m tbo ferret 373 

Dtsfn'terv J 1 ACTU.T, non mannitol fer 

mentmg 307 

EvDOesnoms streptococcus K from a 
cose of 123 

atructum of heart \ aKoa m relation to 
genesis of 229 

Evbocrine rcNEttoN of renal arterioles 392 

ErysrcEnoTimtx, antnrenic structure of 179 


49G 


INDEX OF SUBJECTS 


PAGE 

ERYnmocYXES : factors influencing tlio 

presentation of stored red cells . . 325 

life-q)an of red cells in man . . . 129 


Fatty change, lipids of the human 
kidney cortex and medulla in . , 87 

Feeket, dental calculus and gingival 


disease in 363 

6 iiaiMOLYSEsi : its production in vitio 

by Cl. ivclchii t 3 tpe A .... 75 

ILeMOLYTIC DISEASE Or THE NEWBORN, 
protective factors in heterospecific 
pregnancy and their role in the 

prevention of -. . 295 

Hemolytio diseases, siderocytes in . 271 
Heart vaxves : their structure in rela- 
tion to the genesis of endocarditis . 229 
Heterospecieic brood group ’preo- 
NANCY, proteetiv'e factors in . . 295 


iso-agglutinin titres in 113 

HirairDiTY ; effect on survii-al of dried 

cultures of Sir. agaladicc . . .191 

Hyaetjronidase : its production in vUro 

by 01. welcliii typo A .... 75 

Hydronephrosis ; liistological resem- 
blances to the late changes in the 
crush syndrome kidney .... 394 


Infarction of liver in aortic thrombosis 221 
Infection : bacterial flora of wounds 

and septic lesions of the hand . . 27 

Iso-AGGEDTiNiN TITRES in heterospecific 

pregnancy 113 

Iso-IMITONUSATION tO tho blood gTOUp 

factors A, B and Rh 157 


Kidney : endoerme function of renal 

arterioles 392 

hydronephrosis : histological resem- 
blances to the late changes in tho 
crush syndrome kidney .... 394 
lipids of human kidney cortex and 
medulla in fatty change .... 87 

tubular adenoma in a horseshoe 
kidney 405 


Lipids of human kidney cortex and 

medulla in fatty change .... 87 

Liihir, infarction of 221 

Liver extracts ; laboratory method 
of testing for tho anti-pemicious 

anoemia factor in 101 

use of splenectomisod rabbit for assay of 423 
Lungs : bone formation in apical scars . 171 
comparison of tho effects of In?vo- 
rotatorj' and doxtro-rotatorj' quartz 

on the lungs of rats 491 

effect of oliidnc on tho lungs of rats . 488 


JIeinicke reaction 249 

yiiLK PACIOR in breast cancer of mouse . 413 


ur.t 

Mouse : effect of milk factor on 
mammaty cancer and compnrhon 
with tho human diseaso . ... 4)3 

Jiistogenesisofoxperimontalpnoumonia 

fn mice 4 P 

histology of lungs in typhus rickettsiie- 

_ infected mice 317 

tissue changes in mice treated with 
pentose nucleotides . . . . 9, IS 

Mycobacterium tuberculosis, patho- 
genicitj'- in intra-amniotic infection . 282 


ffisopHAQus, congenital malformations of 363 
Oeivine : its effect on the lungs of rats . 4SS 
Ovary, arrhenoblnstoma of ... . 433 


Penioielin, assay of Hu 

effect of agar depth in the plate 
method for the assay of . ... 457 

inactivation by metallic iron . . . 259 

simple method of testing sensitivity of 

wound bacteria to 379 

variation of sensitivity of strains of the 
Oxford staphylococcus H to . . 145 

PENiOHiiN THERAPY, bacteriological 

aspects of 

Pentose NUCLEOXinES, tissue changes in 
mice injected with . . • • 

Pernicious anasoa : Inborator)' 

method of testing liver extracts for 
tho anti-pemicious aniemia factor . 
use of splenectomised rabbit for essay 
of liver extracts : chemical nature 
of anti-pemicious aniomia factor • 
Phagocytosis of vaccinia virus tn vitro . 
Plasjia cere infiltration of lymph gkn® 
in mice injected with pentose nucleo- 
tides r’ ' 

Peatelets of blood, effect of ilicou- 
marol on adhesiveness of • • • 

Pneumonia in mice, cxpqrirncntnl . • 

Pregnancy : iso-agglutinin litres m 
heterospecific pregnancy ■ ■ 

protective factors in hctcrospccuic 
blood group pregnancy . • Tg. 

Proceedings of the Society . > 

Proteus vulgaris, method for inliion' g 
Bworming . . ■ • • / 

a method of suppressing Proteus 
conform bacteria on blood 0 ^ 

plates • ■ ■ 

Pterins : chemical nature of the anu- 
perm’cious nnaimia factor 


101 


423 

21 


3S2 

441 

113 


423 


Rabbit : adenosine equivalent of Ww'l 
following lolhnl forms of 
injury 

alloxan diabetes in . - 

Rat : comparison of tho effects of - 
rotatory and dextro-rotatory quart/ 
on tho hmgs of rats . • - • 

effect of olivdno on the lungs ' 

ovarioctomised : interrelation u P j 
tween vitamins « . - V;" . 

female sex hormones in ‘’■'•■r 
on the sex organs of the o\ar ^ 
mised rot 


337 

IpS 


491 

4 =' 


INDEX or SUBJECTS 


497 


r%QS 

Rt:d cntxs fnctors influencing the 

proscrv Rtion of stored rod colls ^25 

life span m man 129 

HEVTDWS or BOOKS — 

^^nnuftI of human protozoa {Richard 
R Kudo) 153 

Statistical methods for rosearoh 
workers (R A Fisher) 154 

Stomal puncture (A Pinej nnd J L 
Hamilton Paterson) 1 ~A 

A jiathology of tho oj'o (Fugcne 
\\olfr) 155 

Clinical laboratorj methods and 
diagnosis (R B H GradwoW) 165 

St itt s Diagnosis pro\ ontion nnd treat 
ment of tropical diseases (Richard 
P Strong) 166 

Imimmo cntalysua {^I G Se\ ag) 276 

Root disease fungi {S D Garrett) 275 

Pntholog> {J Henry Dible nnd 
Tliomns B Davie) 276 

A toTt book of surgical pathology 
(C F Vt IlIing^Torth ond B M 
Dick) 277 

Handbook of practical hactcnologv 
(T J Mnckio and J E RfeCortnoy) 277 
Studies on immunisation Second 
senes (S»r Almrotb F tVright) 278 

Tho roticulo endothelial system m 
sulfonamide activity (F T Maher) 390 
A text book of patholo^ (E T Bell) 494 


Loukopomn ond agranulocytosis 
(■\\ lUinm Dameshek) 494 

RnAnt]i0M\09tA nnth carcinoma of breast 397 
RiCKBTrarA: histologj of lungs of 

t\“plms rirkcttfiKc infected ttuco 317 


Sachs Gronoi ncAcriON 249 

Scabs, npicnl, bone formation m 171 

ScKOLoaicAi. REAcriONa for H\philis 
comparison of modified ^\ns3er 
mnnn Mcinicko and Sachs Gcorgi 
tests 249 

6e\ jioRMO’«ia mtcrrclntionship 
between Mtamms B and C nnd tlio 
female sex hormones m their action 
on tho Bcx organs of tho o^ariecto 
mictcd rut 141 

Shock ndonoemo cqui\ olent of blootl of 
rabbit follow mg lethal forms of 
tissue injury 337 

SiDEROOYTES an inrles of 6e\ ority and 
progreea in luomolvtic diseases 271 

x^®rLicosrs attempts to prc\cnt with 

nlummium 281 

comparison of tho ciTects of H\o 
rotatory nnd rloxtro rotatory quortr 
on tho lungs of rata 491 

Skis chondrosarcoma with cutaneous 

metnstases 144 

Stovt in urmaiA passages formation of 
nucleus of 375 

Strtpioeoccujt o<7o7ac/iflr, effect of immidit j 

on eurvj\*al of drunl cultures of 191 

BTnrrToeocci-s K(non hTmotj tic) from 

ft rnso of endocarditis 123 


*PACt 

Stmmo\AMi©E SEvsrxmTv of bac 

TERiA, m Mtro determination of 69 

SlTMMER D1ARK1HEA of uifants ftntl 
gemcally homogeneous strams of 
ISaei eohneapoltlanumfeom 239 

Svrnnjs, comparison of modified 
^^as«e^mnnn Memicko and Sachs 
Georg! tests for 249 


'Fartar effect of dietary conatituont^ 
on colcithis formation nnd gingnal 
diKOflso m tlio ferret 353 

TEClfMQOE RACTERIOBOfllC Vt. COOgU 
lated plain oentm ns « differential 
medium for 0 dtpf theria! 3S5 

method of inhibiting swarming of 
P viilgans 388 

molliod of aupprossmg Proteus anti 
cohform bacteria on blood ngnr 
plates 395 

TECnMQUE lUSTOLOotCAi post fivn 

tion of tissues 149 

Staining of basement membranes 270 

staining of granules in the pmk cell 
cystoma of tho breast 267 

Teratoma otAitn showing astJimatic ro 

action 213 

Thrombosis of aorta m newborn 221 

TBAssRosmos of main artertnl tninka 

with cor biatrmm tnlocuJaro 481 

Tjucma and tumours 407, 477 

TcMOtms, onsiAX o^ olution of mouse 
mammary cancer effect of xmllv 
factor and comparison with tho 
human disenso . 413 

Tumours rvrBniMEVTAi. diiimal 
\arintion in tho production of 
tumours 265 

TuMOtm^, lit MAV , nrrhenoblftBtoma of 
ovary 435 

chondrosarcoma of phalanx with 
cutaneous metoatases 144 

mixed malignant tumours of breast 397 
teratoma ovorii ahowmg tlio nsth 
matic reaction 213 

tubular ndenoma m a liorscshoo 
kidnoj 403 

Tvnms histology of lungs of mico 

Infecterl with tvphua rickettsim 317 

Vaccinta virus mactn ated with nlcoho) 

antigenicity of 201 

phagocytosis in t tiro 21 

xurus neutrchsurig power of serum fronj 
recently xaccinated persons 485 

VmusTS Bntigenicitj. of % nccinia \ inis 
mnetuoted mth alcohol 261 

phagocytosis of xaceima Mrus in -lUro 21 
vims neutralising power of senam froin 
recentlv \ aecmated persons 485 

ViTASiiKS B AND C their action on tho 
8crx organs of tho oi anectomised rat 141 

%\AS 3 IiR>tAjrs REACTION , 249 

\\ouNDB bacterial flora of wounds nnd 

septic lesioiw of hand 27 



INDEX OF AUTHORS 


PAGE 

Allex, J. W., G. R. Camebon, R. F. G. 
Coles and J. P. Butlastd, a study of 
the effects of applying pressure to 
experimental thermal bums , . 37 


Beattle, M. K., method for the inliibi- 

tion of swarming of B. proteus . . 388 

Boxseb, G. JI., a microscopical study of 
the evolution of mouse mammary 
cancer : the effect of the milk factor 
and a comparison with the hiunan 

disease . ‘ , . . 413 

Boobman, K. E., B. E. Dodd and P, L. 
Mollison, iso -immunisation to the 
blood group factors A, B and Rh . 157 
Bbay, J., isolation of antigenically 
homogeneous strains of Bact. coli 
neapMtannm from summer diar- 
rhoea of infants 239 

Bbay, J., method of suppressing Proteus 
and conform bacteria on routine 

blood agar plates 395 

Bbiegeb, E. Jl., species pathogenicity 
of the tubercle bacillus in intra- 

amniotio infection 282 

Beodie, j., cor biatrium triloculare mth 
' transposition of the arterial trunks . 481 
Beodle, j., simple and convenient 

method for the assay of penicillin . 257 
Bywatebs, E. G. L., hydronephrosis : 
histological resemblances to late 
changes in the crush sjuidromo 
kidney 394 


Pir.E 

COLQUHOUX, D. B., W. B. Kyles and 
I. Raniue, comparison of modifica- 
tions of three serological reactions 
for syphilis ; Wassormaim, Jleinicko 
and Saclis-Georgi tests . . . .219 

Cowan, S. T., variation in sensitivity' to 
penicillin of strains of the Oxford 

staphylococcus H 113 

Ceuiokseank, a. H., chondrosarcoma of 
phalanx -with cutaneous motasta'os 111 


Davson, j., bone formation in apical 

scars !'! 

Dickinson, L., influonco of substrate on 
the variation of Br. bronchiseptica . 2S5 
Dodd, B. E., K. E. Booejian and P.L. 
Mollison, iso-immunisation to the 
blood group factors A, B and Rh 137 
Duffy, E., alloxan diabetes in the rabbit 100 


Edwards, J. L., two cases of atypical 

amyloidosis 

Eseb, S., and P. Ladewig, malignant 
tubular adenoma in n horseshoe 
kidney : its significance with regard 

to general cancer pathology . • • ’Oa 

Evans, D. G., in-vitro production of a 
toxin, 6 hncmolysin and hyohirom- 
dase by strains of Gl. icelcfiH typo A, 
and the relationship of, m-yifro 
properties to virulence for guinea __ 

pigs . ■ ■ 


C.iLLENDER, S. T., E. O. PowELL and 
L. J. Witts, the life-span of the red 

coU in man 129 

CA3EEEON, G. R., J. W. Allen, R. F. G. 
Coles and J. P. Rutland, a study of 
the effects of applying pressure to 
experimental thermal bums . . .37 

Caemichael, R., gross defects in the 
muscular and elastic coats of the 
larger cerebral arteries .... 345 
Gabson, W., a. C. Lendbusi and W. 
Penny, on the staining of basement 

membranes 270 

C.ASE, B. M., siderocytes in hremoly'tic 
diseases : a now index of severity 
and progress 271 


Cawston, W. C., and G. J. Habpeb, the 
iu.\*itro determination of the sul- 
phonamido sensitivity of bacteria . 59 

Coles, B. F. G., G. R. C.ameeon, J. W. 
Allen and J. P. Rutiand, a study 
of tlio effects of applying pressure to 
experimental thermal bums . . 37 

49 S 


Fobbes, G. B., and C. R- 

coagulated pln'U scram 
differential medium lor 
bacterium diphtUma: . ■ 


Lane, 
ns a 
Coryiic- 


3S3 


yr. E. J. liE-'o 
loGEBS* ’’attempts to prevent 
ilioosis with aluimwm . ' • ‘ 

raisT M. E. J. King, Rooees, 
L M.’GoLDScronDT and G. 
cinOTX, effect of oliv'inc on the 

E. j. kino, X. Bog’p^. 

K KAGELSCfDUDT, compnnso 

ftho effects of loivo-ro^too-^ 

extro-rotatory quart?, on the in 

L?H. H.,'and b! Jolles, arrheno 

Instoma of ovary • ; ’ 

HILL, A. W., tho antigenic .struc.ur 

f Erysipelothrix . • • • ' 


251 


485 


49l 
'. 431 
I'! 



INDEX or AUTHORS 


499 


ri.Qs 


Glover, K E , ond J D Ivtno, tho 

rolatuo effects of dietary constitu 
cuts etc upon calculus formation 
and gingi\ al disease in the ferret 353 
GoLDScnjnDT, V, M , E J I\jno, N 
Rooers, M Gilchrist and G 
J^AOELSciiuiDT, effect of olivine on 
the lungs of rats 488 

Goorsiaoutioh, N , facts m favour of 
an endocrine function of tho renal 
arterioles 392 

Gordon, J , and N alker, features m 
the Congo red molecule associated 
^vlth the inactivation of complement 461 
GovAi,, A D T, two cases of mixed 

malignant tumour of the breast 307 

Green, H N , and H B Stonpr, 
adenosine equi\ alent of the blood of 
rabbits following lethal forms of 
tissue mjurj 337 

GtmiRiE, K J , congenital malforma 

tions of the oesophagus 363 


Hall, K, and V KoRE^ol^EvsK\, tho 
interrelationship between Mtamms 
B and C and the female ees hor 
mones m their action on the sex 
organa of the ovanectomised rat 141 

HAtrMARSTCN, Q , tho formation of the 
nucleus of atone m tho urinary 
passogca 376 

Harper, G J , and W C Cam ston , tho 
m vitro determination of tho sul 
phonamide aensitiv ity of bacteria 60 

HARMni, A\ F , the structure of the 
heart %aKes, with special reference 
to thoir blood supply and the genesis 
of endocarditis 229 

Hayes, , effect of agar depth m tho 
plate method for the assay of 
penicillin 457 

Hoyle, L , ond J "W Orr, Instogenesis 
of experimental pneumonia m mice 441 


PAri, 

Kind, E J , N Rooers, SI Gilcurist 
and G NAorLSCRMiDT, companeon 
of tho effects of la’vo rotatory and 
doxtro rotatory quartz on tho lungs 
of rats 401 

Kmo, J D , and R E Glover, relati\e 
effects of dietary constituents etc 
upon calculus formation and gmgi\ al 
disease m the ferret 353 

Korencuevsky, V , and K Hall, tho 
mterrolationslup botueen vitamms 
B and C and tho female se\ 
hormones m their notion on tho bg\ 
organs of tho ovonectomised rat 141 

Kyles, W B , D B Colquiioun nntl 
I Rannie, comparison of modifica 
tions of three serological reactions 
for syphilis asserraann, Meinicl o 
and Snclis Georgi tests 219 


Ladeuio, P, and 8 Eser malignant 


tubular adenoma m a horseshoe 
I idnej Its significance wth regard 
to general cancer pothologj 403 

Lake, C R , and G B FonBES coagu 
Inted plain serum as a differential 
medium for Corynebacterium dtph 
theri<c 38o 

Leach, E H post fixation of tissues 140 

LhhDRUM, A C , on the pinlc ” epi 
thclium of the c>’stic breast and tho 
stflinmg of Its granules 267 

I;c^DRUu, A C , Carson and W 
Penny, on tho staining of basement 
membranes 270 

Loutit, j r , factors mfluencmg tho 

preservotion of stored red cells 325 

Loutit, J F , and D AIoClean, virus 
ncutralismg power of scrum from 
recently vaccinated persons 48i> 


Jacobsoi,, , and S M Williasis, 
ob8er\ ations on tho anti pernicious 
an»mia factor with a suggested 
method for testing li\ er extracts m 
the laboratory 101 

Jacobson, W , and S M Williams, tlio 
use of tho splenectomised rabbit for 
the assay of li\er extracts with 


JoLi I 

blastoma of ovary 


423 

436 


^ IviNo, E J , N Rogers and M Go. 

CHRIST, attempts to p^e^ ent silicosis 
^ _ with aluminium 281 

Kino, E J , N Rogers, SI Gilchrist, 

V SI Goldschmidt and G Nagel 
^ SCHMIDT, effect of olmno on tlie 

lungs of rata 488 


SIcCleak, D , tho antigenicity of \ ac 

cmin virus inactivated with alcohol 201 
SIcClean, D , and J P Loutit, Mrus 
neutralising power of serum from 
recently vacemated persons 48o 

McIntosh, J , F R Sdlbie and R D 
Simon, bacteriological aspects of 
pemcillm therapy 47 

MaoLennan, j D, tho non mannitol 

fermentmg dysentery bacilli 307 

BIay, H B I tho macti\ ation of penicillin 

bj metallic iron 259 

Merling, Iv B E , phagocjTosis of 
vaccimn virus m tifro 21 


Miles, A A , and R E O IV illiams, 
the bacterial flora of woimds and 
soptic lesions of tho liand 27 

Mollison, P L , K E Boorman and 
B E Dodd, iso immunisation to the 
blood group factors A, B and Rli 167 
Morison, j E , tlirombosis of tbo aorta 
m tho newborn three cases one 
with infarction of tho Iner 221 


500 


INDEX OF AUTHORS 


FAGE 

Monu:y, D. C., simple method of testing 
sensitivity of wound bacteria to 
penicillin and sulphathiazole by the 
use of impregnated blotting paper 
discs 379 

Mottram, J. C., diurnal variation in the 

production of tumours ^ . 265 

Nagelschjudt, G., E. J. Ivxkg, N. 
Rogers and M. Gilchrist, compari- 
son of the effects of lie vo -rotatory 


and dextro-rotatory quartz on the 

lungs of rats 491 

Nagelsohaudt, G., E. J. King,- N. 
Rogers, M. Gilchrist and V. M. 
Golbschmidt, effect of olivdne on 

the Ivmgs of rats 488 

Nyka, W., histological study of the lungs 
of mice infected with tj-phus 
rickettsial 317 


Ore, j. W,, and L. Hoyle, histogenesis 

of experimental pneumonia in mice . 441 


„ I'lon 

Rogers, N., E. .1. King, JI. GiLcup.Lsr 
and G. K-agelscidiidt, comparison 
of the effects of Invo-rotatory and 
dextro-rotatory quartz on the lunirs 

of rats iOl 

Rutland, J. P., G. R. CAmmox, J. W, 
Allen and R. F. G. Coles, a study 
of the effects of applying pressure to 
experimental thermal luirns . . 3" 


Selbie, F. R., R. D. Simon and J. 


McIntosh, bacteriological aspects 

of penicillin therapy -17 

Simon, R. D., F. R. SniniE and J. 
McIntosh, bacteriological n^oct-; 

of penicillin therapy 47 

SsHTH, 6. H., iso-ngglutinin litres in 
hoterospecilic pregnancy . . .113 

Stoner, H. B., and H. K. Green, adenj- 


sine equivalent of the blood of 
rabbits foUowinc lotlutl forms of 
tissue injurj'' 337 


Parsons, L. D., tissue changes in experi- 
mental mice treated -with pentose 

nucleotides 

Penistan, j. L., a non-b®molytic group 
K streptococcus from a case of 

endocarditis 

Penny, W., A. C, Lendrum and W. 
Carson, on the staining of basement 

membranes 

PiJPER, A., bacteriophage action on 
Bad. typhosvm and B. megatherium 
as displayed by dark ground cine- 

micrography 

PotjAk, G., adsorption of cholesterol 
from a watery suspension and its 
effects on plasma lipids .... 
PopjAk, G., lipids of the human Iddney 
cortex and medulla in fatty change . 
Powell, E. O., S. T. Callender and 
L. J. Witts, the life-span of the red 

cell in man 

PuLLiNGER, B. D., an experimental 
approach to the problem of trauma 

and tumours 

PuLLiNGER, B. D., a measure of the 
stimulating effect of simple injury 
combined with carcinogenic chem- 
icals on tumour formation in mice . 


9 

123 

270 

1 

280 

87 

129 

467 

477 


Rannbc, I., D. B. CoLQUHOUN and W. B. 
Kyles, comparison of modifications 
of three serological reactions for 
syphilis : Wassormann, Meinicko 
and Snehs-Georgi tests .... 249 
Rogers, N., E. J. King and M. Gil- 
christ, attempts to prevent silicosis 

with aluminium 281 

Rogers, N., E. J. Kino, M. Gilchrist, 

V. M. Goldschmidt and G. Kagel- 
sciiMiDT, effect of olivine on the 
lungs of rats . 488 


Thomson, J. G., fatal bronchial n.sthma 
showing tho astlimalio reaction in nn 
ovarian teratoma . . . . . 213 

Tovey, G. H., protootivo foctors in 
hoterospooifio blood group preg- 
nancy and their role in tho preven- 
tion of hffimolytic disease of the 
newborn ........ ‘OS 

Tulloch, W. j., examination of exudates 
for pathogenic anaerobes . . ■ 

Turnbull, H. M., tho nnturo of the 
substance deposited in tho spleen 
and liver of tho mice in Dr L. D. 
Parsons’ experiments 


07 


IS 


Walker, K., and J. Gordo-v, features m 
the Congo rod molecule assocint<’cl 
with tho inactivation of complement 
Watts, P. S., effect of humidity on the 
survival of dried cultures of 
Strevlococcm agalactia: . ■ ■ ■ 
Williams, R. E. O., and A. A. JIiles, th 
baetoriol flora of wounds and septic 
lesions of tho hand . . - * * 

w™s. S. M.. and W -Iacorson 

observations on the nnti-pomicioiis 
anamoia factor; with a fiuggestoJ 
method for testing hvor extracts in 

WiLL^Jj^MS'jb.'^nnd iv. 

use of tho splencotomiscd rabbit for 
the assay of Uvor extracts : with 
observations on the 
of tho anti-pemieious on»ram factor 
Witts, L. J.. S. T. CALLE-NDur and 
E. O. PowiHL, the life-span ol tli 
red cell in roan ■ • • • , j V 

WRioirr, H. P.. the 'l ^ 

platelets in rabbits treated with 




451 

191 


101 

42.7 

129 




